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INTESTINAL OBSTRUCTION: FORMATION AND ABSORPTION 
OF TOXIN. 
By Davip M. Davis, M. D., 
Assistant in Pathology. 
(From the Hunterian Laboratory of Experimental Pathology, The Johns Hopkins University.) 

The historical side of the investigation of intestinal obstruc- unknown with unimmunized animals. ‘These experiments 
tion has been gone over so frequently and well by the recent leave no doubt that a toxin found in the intestinal contents 
writers that only a very brief outline will be given here. is responsible for a great part, at least, of the symptoms 


Three principal theories have been propounded to explain occurring in uncomplicated ileus. 
the death which occurs when the gut is obstructed: 1, that of The point about which discussion still goes on is that of 
a nervous reflex; 2, that of infection; 3, that of intoxication. the origin of this toxin. 'The first writers on the subject— 
The first of these has received little attention of late. The Amussat (4), Humbert (36), Bouchard (11), Albu (2), 
second has had strong support from such investigators as Nikolaysen (51), ete., conceived that putrefaction of the 
Borszecky and Genersich (12) and lately Murphy and Vin intestinal contents gave rise to the noxious substances. This 
cent (49). Their case is, however, at = eesen and a view was upheld by the experiments of v. Albeck (1), Kukula 
overwhelming amount of evidence has een oon it ghar (41), Clairmont and Ranzi (16), McClure (44), and many 
by Albeck (1), Kukula pote others. Roger, however, after numerous experiments (60-64), 
toger is associates -6 McClur hipple 
ind pple, came to the conclusion that normal bowel contents were toxic 
Ss 2 7, 68, 6 ete., show that a strong . 
seg — se » 69), et te sae 5 enough to account for the symptoms. He thought first of 
oxic Tae s at work In these cases and that death May occur 
actor blood, Ott decomposed food, and later of the intestinal secretions, toward 
y any infection of the peritoneum or blood. ier gee 
wit out a ? : the latter of which he inclined when he found an extract of 
theories at variance with the principal ones are those of Braun : , me 
? ; intestinal wall quite toxic. Draper-Maury (22-23) supported 
and Boruttau (13), who considered that the symptoms in 
; : this view after a multitude of experiments. The writer has 
ileus were due to a cerebral anemia consequent upon splanch- f taining 
: , ound normal intestinal contents of dogs containing the ordi- 
nic congestion and dehydration of the blood; and of Hartwell, 5 
Hoguet and Benedict (28-29), who felt that no toxic element nary food residues fatally toxic when gi en intra enously to 
other dogs. Matthews (46) advanced the idea that excision 


was present, but that dehydration of the organism was the 
cause of the harm. Whipple, Stone and Bernheim (70), by 
immunizing dogs with sublethal doses of the toxic contents of 
closed duodenal loops, made it possible for them to remain 
alive with closed duodenal loops over a length of time entirely | 


of the duodenum was incompatible with life, owing probably 
to the absence of some internal. secretion. His theory has 
received no support, however, since his findings do not agree 


with those of other experimenters. 
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CLosep Loops, 


in dealing with the intestinal contents in ileus, it has been 
found of advantage to make two obstructions, thus confining 
the material between them, and making the entrance of food, 
or the withdrawal of any of the contents, as, for instance, by 
vomiting, impossible. The material which is found in these 
loops is the resultant of a number of processes going on simul- 
taneously, and no one of them must be forgotten when the 
whole is considered. These processes are: 

Secretion of digestive fluids: 

Breaking up of food by digestive ferments : 

Putrefaction of contents by bacteria: 

\bsorption of substances by the mucosa : 

Excretion of waste products hy the mucosa. 

The last-named factor is one concerning which our knowledge 
is unsatisfactory, in spite of the large amount of careful work 
done upon it. The pioneers in the field were Bischoff and 
Voit (10), who were followed by Muller (48), Rieder (59), 
v. Moraczewsky (47), Hermann (31), Ehrenthal and Blitz- 
stein (25), Fr. Voit (66), Berenstein (9), Klecki (35-59), 
Corlette (20), and many others. It was found that starving 
animals still continued to form a certain amount of dark, 
pasty feces for an indefinite period, and soon the aid of the 
closed intestinal loop, first made by Halsted (26), was also 
invoked toward the elucidation of the problem. It showed 
that a very considerable amount of material was the result of 
the mucosal activity, but what proportion was necessary di- 
vestive secretion, and what proportion waste matter, still re- 
mains unknown. \t any rate, there are many arguments in 
favor of the idea that the intestinal mucosa regularly has an 
important excretory function. The possibility immediately 
arises of this excrementitious matter providing some or all of 
the toxic substances. 

\s has been stated above, the products of putrefaction were 
first seized upon as the most likely to be toxic. Efforts to 
isolate toxic split products, for example, those of Kukula, 
Barger and Nesbitt (6, 7, 41, 50), have been unsatisfactory. 
The possibility of decomposed food as a source was ruled out 
by the use of the closed loop, from which food is excluded. 
When the mucosa was destroved in a closed loop by Whipple 
(68), the clinical course was not at all characteristic: the 
animal died of septicemia, and the loop contents were not 
toxic. This indicates that the mucosa is necessary for the 
development of the ordinary toxin. ‘The efforts to fix the 
blame on bacteria being on the whole unsuccessful, it oce urred 
to the writer to trv to test the toxicity of the intestinal secre- 


tion, While still uninfluenced by microorganisms. 


DraIngep DvuopeNaL Loop. 

The first steps towards this end were taken in the observa- 
tion of intestinal loops, which, instead of being closed, were 
drained to the outside. The ends of the loop were fastened 
to the skin, and rubber tubes put in them. It was difficult to 
keep the tubes in place, but even after they had come out, the 
loop was easily washed by inserting a catheter. Whipple (69) 
has performed this experiment frequently on dogs, and often 
they die with typical symptoms of ileus in spite of the drain- 
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ave. The writer prepared one cat in this manner. It re- 
mained strong and healthy during the time (10 days) when 
daily lavage was done. The washings showed a slight yellow- 
ish brown coloration, and contained flakes of mucus. Cor- 
lette (20) shows that this coloration is due to a pigment 
secreted by the mucosa, and not to blood pigment. The total 
amount, mixed, of course, with wash water, for the ten days 
was about 1200 cc. It was preserved with chloroform and 
toluol. This was evaporated at 60° C. to a volume of 115 ce.. 
filtered, and injected into the veins of a dog weighing 8 lbs. 
The dog died in 44 hours, with the symptoms and autopsy 
findings described as typical for closed loop fluid by Whipple. 


FistuLA EXPERIMENTS, 

It was desired, however, to devise an experiment which 
would do away altogether with obstruction, and allow the 
mucosa to secrete as nearly as possible under normal condi- 
tions. ‘To this end dogs were prepared by tying off the bile 
duct, dissecting the pancreas away from the duodenum or 
removing it altogether, and opening a fistula 30-35 cm. below 
the pylorus. Three dogs were operated upon thus, the details 
being given in the appended protocols. The intestinal secre- 
tion failed to flow out freely, so that lavage was again neces- 
sary. The whole procedure was completed, however, in a 
short time—much less than that required for the death of 
animals from closed duodenal loops—and at the end there was 
no perceptible lesion of the mucosa except a slight hyperwmia 
from handling, opposite the head of the pancreas. The fluid 
obtained in this manner when given intravenously to dogs 
had, in all cases, effects identical with those caused by closed 
loop uid. 

DISCUSSION, 

In this series of experiments, the material dealt with was 
washed out of the intestine within a few minutes at most after 
its secretion and preserved at once with chloroform and toluol. 
This effectually removes the possibility of bacterial action in 
the formation of a toxic substance. Nothing is present except 
that which has been produced by the intestine itself. It may 
indeed be argued that the intestine is in a pathological con- 
dition from the operation. This possibility cannot be denied, 
yet the handling of the gut was not greater than that suffered 
by it in great numbers of operations performed daily on men 
and animals, in which no noteworthy toxic symptoms are seen: 
At any rate it seems clear that the intestinal mucosa is capable, 
under certain conditions at least, of producing unaided some 
very toxic substance or substances. 

ABSORPTION FROM THE INTESTINE. 

The next question that arose was of the manner in which 
these or other toxic substances vained entrance to the blood 
stream, It is evident from the work of almost every investi- 
gator that in animals and men a fatal toxemia may exist with- 
out demonstrable lesions of the mucosa. Must it be assumed 
that the normal mucosa can absorb the toxin? Upon consult- 
ing the numerous researches (8, 17, 19, 30, 32, 35, 52, 58, 
etc.) made by physiologists on the absorption taking place in 
the small intestine, one sees that a conception of the normal 
mucosa is a very difficult one. It acts in many ways as a semi- 


| 
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permeable membrane, obeying the laws of osmosis and dif- 
fusion, yet very slight influences serve to upset it, and cause 
it to absorb substances in a way very different from the normal. 
For instance, the sugar in a 2 per cent solution of dextrose 
will be absorbed at a very different rate when the carbohydrate 
is placed in a 5 per cent solution of NaCl from that at which 
t is absorbed when placed in a .9 per cent solution of NaCl. 
\gain, the one-sided permeability of the mucosa to NaCl 
has been regarded as a criterion of its normal state; but 
Cohnheim (17, 18, 19) has shown that the mucosa may suffer 
some damage yet still retain this one-sided permeability. If 
mechanical factors can cause the mucosa to absorb toxins, one 
would expect every operation on the bowel to be followed by a 
toxemia. In obstructions and closed loops, however, there are 
other factors; first, an accumulation of toxic products in the 
often distended intestine, with a possible concentration due 
to absorption of water from the mass. It is known (52-48) 
that water under all conditions is absorbed from the intestine 
much more rapidly than organic solids, presumably consisting 
of very large molecules. Secondly, the substances concen- 
trated or dilute in this mass might, since the epithelium is so 
sensitive, act as mucosal poisons, breaking down a normal 
impermeability of the intestine to such toxic substances. ‘To 
test these points, two series of experiments were carried out, 
one, absorption experiments with toxin, the other, absorption 
experiments with phenolsulphonephthalein. The experiments 
with toxin will be described first. 


ABSORPTION OF TOXIN. 

Fresh duodenal loops were made in dogs, and into them 
were introduced at the time of operation fluids of known 
toxicity from other closed loops, which had been allowed to go 
on 3-4 days. One exception to this rule was in experiment 7, 
where fresh, unpreserved loop contents of unknown toxicity 
from a dog just dead, were used. It was to be expected that if 
the normal mucosa was capable of absorbing this toxin, or if 
the contents themselves would influence the mucosa, chem- 
ically or otherwise, to absorb the toxin, that the animals would 
hegin very soon to show toxic symptoms. They did not do so, 
however, the clinical course in these cases being exactly the 
same, in symptoms and length of time, as that of dogs with 
closed loops not treated in any way at the time of operation. 
Evidently the supplied toxin remained entirely harmless in the 
loop during the first 24 hours, at least. 


ABSORPTION OF PHENOLPIHTIHALEIN. 

If the toxic symptoms depend upon the absorption by an 
injured mucosa of the poison (Albeck (1), Murphy and Vin- 
cent (49), Hartwell and Hoguet (28) ), the absorption of an 
easily recognizable dye, like phenolsulphonephthalein from the 
intestinal lumen, might be of interest. Since Rowntree and 
Geraghty have shown (65) that 60-80 per cent of this dye is 
excreted within an hour by the kidneys of healthy animals, 
the quantity appearing in the urine will give an excellent indi- 
cation of the proportional amounts absorbed by the mucosa. 
It must be understood that the absorption of a comparatively 
simple substance like phenolsulphonephthalein by the in- 
testinal mucosa will not necessarily be parallel at all to the 
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absorption of complex organic compounds, such as we con- 
ceive this ileus toxin to be. 

The technique of the experiment was to inject into the 
closed loops with a fine hypodermic needle 1 cc. of a solution 
of phthalein, containing 6 mg. of the dye. .The urine was 
then withdrawn by catheterization at the end of 2, 4, 6 and 
about 24 hours after the injection, the bladder being washed 
out with warm water each time. The percentage of dye was 
determined by means of a du Boscq colorimeter. Female cats 
were utilized asa rule. The excretion of the first six hours was 
considered as most significant. Other experiments were also 
made in which the dye was given per os, or injected directly 
into the normal intestine. The following table gives the 
results: 

CHART A. 
PHENOLSULPHONEPHTHALEIN EXCRETION, 


Per cent of dye exereted 
In urine 


Time of injec- 
No. Dye given } Remarks 


tion = 
om 
46 Intoclosedlow At time ofop- 0.6 0.9, 1.30) 2.8 [28.581.3 
ileum loop, eration, 
cat. 
nous ; cireu- 
lation inter- 
| fered with? 
58 Intoclosed Jow|.....do ........ 1.06 4.0; 2.2 
ileum loop, 
dog. 
18 Into closeddu-..... 8.0 20.0 | 28.0 14.0 12.0 
odenal loop, 
cat. 
lo » 5.1) «4.0 | 11.05 15.8 26.9 
28 bre. after 60.0 Injection must 
operation, have gon 
subcutane 
ously, ( 
into loop. 
is brs. after Trace .... 2.5 dis- 
operation, tended 
operatior 
is hrs. after ...... 1.0 Trace 
operation, 
operation, 
56 Intocloseddu- At time of op 0.928.382 6.25) 15.5 
odenal loop, eration, 
dog. 
126 | Tate MOP MAL 6.6 |1.90 11.1 46.7 22.0/68.9 
duodenum, 
dog. 
tube. 
tube, dog. 
127 | Per os, human 6.25 Trace; 7.0 j.c..\seee 
1.6 3.0 2.1 6.8 


num, dog. 


17} hours, * Approximately. 

Average of closed low ileum loops in 6 hrs., 7.39%. 

Average of closed duodenal loops in 6 hrs., 15.31 

(Averages include only injections made at time of operation.) 
Average of injections in normal duodenum, 35.64. 

Average of administrations by stomach tube, dog, 9.384. 
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Ditliculty was encountered in introducing the dye into the 
loops on the days following the operation, The few observa- 
tions made seem to indicate that absorption of phthalein is 


unusually low in these late loops. This is in accord with the 


experiments of physiologists made with many other sub- 
stances. It gives no support to the contention that injury to 
the mucosa inereases its absorptive powers. The table points 


rather consistently toward a more rapid absorption in the 
upper part of the small intestine than in the lower part. Aside 
from this. the results are subject to a very serious error, In 
that absorption varies with the concentration, and it is im- 
possible to control the concentration of the ve in the intestine. 
Kyven in the loops, the quantity of fluid present is very in 
constant. This fact also undoubtedly accounts for the low 


absorption when the phthalein is given by mouth. 


DISCUSSION, 

What conclusion, then, is to be drawn from these several 
considerations? If we grant that toxic substances are present 
in the normal intestine, we can go far on that hypothesis. 
[t has been seen that the normal duodenal mucosa is ap- 
n addition the chyle is 


parently impermeable to the toxin; 
swept very rapidly through the small intestine, as has been 
shown by Cannon (15) for the cat. Its speed is greatest in 
the duodenum and upper jejunum, giving time for little 
absorption, and while it slows down in the ileum, it should be 
past the ileocwcal valve in 4-5 hours. Once in the colon, the 
organism is safe, for the colon itself is comparatively im- 
permeable to the toxin, and so remains. Closed loops of colon 
full of feces can exist almost indefinitely in man or animals, 
as the writer has found by experiment, and as many others 
The only danger is from dis- 


20. 25, 26. ete.). 


testify (15, 
tention, perforation and peritonitis. Kukula (41) describes 
a cat with a simple obstruction at the sigmoid, which lived in 
good health for several weeks. [ven the lower ileum of dogs 
is much less active than the gut higher up, since dogs with 
closed ileum loops may live very long periods, @. y., 550 days 
(20), In case of an ileus, continuous secretion with absorp- 
tion of water would serve to concentrate the poison in the loop 
or above the obstruction, With copious vomiting, lavage, and 
infusions, the toxin would be removed and life might be pro- 
longed (28). 

At this point, however, serious objections to the theories of 
absorption by normal mucosa intervene, It has been seen that 
concentrated toxic substance when placed in contact with 
normal mucosa, is not absorbed. 

Whipple (72) has shown that dogs may die with all the 
symptoms of obstruction, when a closed loop has been made 
and drained to the outside, There is no accumulation of 
fluid in such loops, and the mucosa appears normal. 

The only inference which can be drawn from these facts is 
that, in obstruction and closed loops, a subtle change takes 
place in the mucosa—nothing is seen with the microscope, yet 
the cells in some manner discharge or allow to be discharged. 
the fatal toxin into the blood. It has been impossible up to 
the present to demonstrate any increased permeability of the 


mucosa to the toxic substance. 
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(ONCLUSIONS, 


This paper has shown that the duodenal and upper jejunal 
mucosa, unaided by bacterial action, and in conditions not far 
removed from normal, can produce a highly toxic substance, 
and that although phenolsulphonephthalein is readily absorbed 


by the normal mucosa of the small intestine, this toxie sub- 
stance is not. 

In closed loops one deals with a mucosa which displays 
nothing more than a slight hyperemia, sometimes not even 
that. Injuries from handling are negligible, and absence ot 
normal secretions from above is readily excluded as a caus 
of the mischief. Loop contents themselves in concentrated 
form will not stimulate absorption of toxin from the lumen in 
a freshly made loop. It seems clear, then, that some condition 
existing in closed loops causes slight but important functional 
changes in the mucosa, resulting in fatal toxemia. But 
further investigation of the details of this change must be 
made. 

lt am indebted to Messrs. Harold S. Morgan and Roy E. 
Fallas for their assistance in a number of the experiments. 


PROTOCOLS, 
DRAINED DUODENAL LOOP. 
EXPERIMENT 1. 


Cat, D-39.—Maltese, female, middle sized. Operation Jan. 16, 
1913, 3.30-6.00 p. m. Isolated duodenal loop, upper end brought to 
surface and sutured in a stab wound in right flank, lower end 
brought to surface and sutured in median laparotomy incision. 
Intestinal ends inverted, lateral duodenojejunostomy. Rubber 
drainage tubes inserted in each end of loop. 

Jan. 17, 1913. Lies quietly in cage, but is strong and active 
when handled. Washed out with 200 cc. of warm water; washings 
slightly discolored, yellowish brown, very little solid material, few 
flakes mucus. Preserved with chloroform and toluol. 

Jan. 18, 1913. Larger amount mucus and granular materiai 
to-day. 

Jan. 24. Is being irrigated daily. 
symptoms have been noted though loop ends are infected. 

To-day animal’s appearance is entirely changed; sick 
At autopsy, fresh peritonitis and 


Strong and bright, no toxic 


Jan. 26. 
and weak. Killed with ether. 
failure of one of the intestinal blind ends, possibly due to a large 
piece of pig’s aorta which cat has eaten, and which blocks up the 
Mucosa appears normal except for absence 


duodenojejunostomy. 
Microscopic section of loop shows villi 


of bile pigmentation. 
pressed together; epithelial cells appear healthy and active; many 
goblets. In the interstitial tissue which is not especially cellular 
are some places where there are small numbers of polymorpho- 


nuclears. No congestion or desquamation. Peritonitis, quite 


superficial. 

About 1200 ee. of light brown, slightly turbid fluid had been col- 
lected in the 9 days. It was evaporated under reduced pressure 
at 60° C. to 115 ee., and filtered, giving a clear, slightly opalescent 
fiuid with a slight, pleasant odor resembling that of beef broth. 
A more pungent odor resembling that of pentamethylendiamin, 


which had been present when washings were made, was driven off 


by the evaporation. 

The fluid was given intravenously to a dog, D-65, male, weight § 
Ibs., at 3.00 p. m., March 6, 1913. Kymograph record of B. P. and 
Fall, then rise of B. P.; temp. at end of injec- 

114 hours later, animal 
Pulse rapid, weak. 


respiration made. 
tion, 35.8° C. Condition seems good. S 
lying on side, breathing rapidly, comatose. 


| 
| 
| 
| 
| 
} 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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1914. 


m., animal dead (5 hrs.). 
splanchnic area congested. Intestines full, dark color 
On opening bowel, extreme congestion of mucosa 


rofuse diarrhoea, not yet bloody. §& p. 
\t autopsy, 
No peritonitis. 

een, beginning at pylorus, and involving entire small gut and 
Distended fluid contents, layer of mucus over epi- 
clium. Blood dark, thick, does not clot readily. 
preparation of duodenum shows tremendous congestion with des- 
No cellular infiltration or other signs 
the picture 


with 


Microscopic 


uamation of epithelium. 
infection. This corresponds in every way with 
ieseribed by Whipple in his dogs poisoned with closed dog loop 
lid. 
FISTULA. 


EXPERIMENT 2. 
Operation March 
below pylorus 


Dog, D-66.—Large, black, male, weight 20 lbs. 
\, 1913, 2-3.30 p. m. Intestine about 20-33 cm. 
-utured to an opening in the skin, left rectus region. Fistula not 
Second operation, April 3, 1913, 10-12 a. m. Bile duct 
joubly ligated, cut between ligatures. Pancreatic ducts tied and 
cut. Head of pancreas dissected away from duodenum. Fistula 
opened, tube inserted. Collection begun at 12 noon. On account 
of vomiting, little comes from tube, and the gut is irrigated with 


pened 


warm water. Total collection, 500 cc. turbid fluid, with flakes of 
mucus. Collection covers 6 hours. 
Autopsy shows mucosa of duodenum slightly pink. In 


rood condition opposite head of pancreas, except for hypermmia. 
Fistula 55 em. below pylorus. The fluid collected was at once 
mixed with chloroform and toluol and to it was added the mucosa 
taken from the intestine at autopsy. 

The whole evaporated to 55 cc., and injected into jugular vein 
of dog, D-96, male, weight 11% lbs. April 11, 1913, 3 p.m. Dog 
was also given 2 cc. of a 5 per cent solution of peptone and 1/5000 


gm. hirudin for another purpose, transient fall of B. P. only. 
Kymograph record of B. P. and respiration made. Evaporated 


washings caused no fall of B. P., slight acceleration of respiration. 
Temperature at end 37-9° C. Recovers quickly, vomits. At 8 
p.m. (5 hrs.) animal is quiet, weak, drowsy. Lies on side, profuse 
non-fecal mucoid blood-stained fluid diarrhewa. Respiration rapid 
and labored. Temperature 40.8° C. Seems moribund. 

April 12, 1913. At 9 a. m. dog is weak, but rather bright, now 
appears to be recovering. Diarrhea is less, discharges now have 
fecal character. Appetite fair. Respiration still a little accel- 
erated. 

April 18, 1913. Dog has recovered. This animal had the typical 
symptoms, but evidently the dose was just sublethal. 


EXPERIMENT 3. 

Dog, D-71.—White, male, weight 27 Ibs. 
Intestine about 25 cms. below pylorus 
(1. rectus) for subsequent fistula. 

April 14, 1913. Condition excellent. Second operation, 4-6 p. m. 
Bile duct tied and cut, pancreas dissected from duodenum, fistula 
opened. Condition seems good at end. 

April 15, 1913. Dog in very fair condition. 
etherized, tube inserted in fistula, collection begun. 
by stomach tube to facilitate flow from intestine. It is pushed 
through gradually by peristalsis. In four hours, after 134 liters 
have been coliected, the animal suddenly dies. The washings 
resenible those obtained in Experiment 2 and are treated the same 
way. At autopsy, the condition of all the organs is satisfactory 
except the stomach, which has been distended by introducing too 
much water. The intestinal mucosa appears normal. This time it 
is not added to washings. 

The 156 ee. remaining after evaporation of the washings at 60° 
C. is injected into dog, D-105, female, weight 6 lbs., April 29, 1913, 
at 10 a, 


Operation March 14, 1911. 
sewed to abdominal wall 


At 7.10 a. m. 
Water is given 


m., kymograph record of B. P. and respiration made. 
Temperature 


Primary depression of B. P., subsequent recovery. 
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at end from ether. At 3.30 p. m. (5 
hrs.) animal is comatose, crying with each respiration. 
ture 27.5° C. Pulse soft. No diarrhea. At 6.00 p. m., the same 
(715 hrs.). At 10 p.m. (11% hrs.), still comatose, breathing very 
quietly; cries, however, when touched. Body quite cold to touch, 
rectal temperature 21.5° C., room temperature. 
Femoral pulse and apex beat imperceptible. No diarrhw@a, vomit- 
ing or convulsions. Abdomen opened, gut is very full and purple. 
April 30, 1913, 9 a.m. Dead. No reaction about wound, probably 
died about midnight (13 hours). At autopsy, typical and extreme 
picture of poisoning; the congestion of tle mucosa extends through 


33.6° Reeovers slowly 
Tempera- 


which is just 


entire small gut and involves colon; stomach is full of fluid; in- 
testine distended with bloody fluid and mucus. lLlood dark and 
thick, does not clot readily The course of this animal was 


He behaved as other dogs for 7 or 8 hours, at the end 
time he was apparently at the point of death. That 
respiration should have continued after the body temperature 
became the same as that of the room, is remarkable. The absence 
of diarrhea must, in the light of the autopsy findings, be attributed 
to paralysis of the intestinal musculature. This not infrequently 
occurs in these cases, but usually in animals dying 2-4 hours after 


unusual. 
of which 


injection. 
EXPERIMENT 4. 

Dog, D-14.—White, male, medium size. Operation May 19, 1913, 
2-4.30 p.m. Bile duct tied and cut, pancreas removed entirely, 
beginning of ileum sutured to abdominal wall for fistula. Con- 
dition good at end. May 20, 1913, fistula opened at 9.50 a. m. 
A little water is given by stomach tube, but no flow ensues. A 
small dose of chloretone is placed in the intestine distal to the 
fistula, and ether cone removed. At 2 p. m., abdomen is opened, 
glass tube tied into pyloric end of stomach. Warm, weak salt 
solution is irrigated through the segment of intestine for eight 
hours. Washings caught in bottle containing toluol and chloro- 
form. Dog remains alive but unconscious the next morning. 
Autopsy is performed. Mucosa of duodenum looks normal. Small 
amount of mucus upon it. No areas of injection or other abnor- 
mality Microscopic preparation shows villi somewhat 
pressed together; otherwise nothing abnormal. Epithelial cells 
healthy, nuclei perfectly stained, no congestion, cedema, or cellular 
infiltration. Approximately 1% liters of washings are evaporated 
in the air at 60° C. to 35 ce. 

The resuiting clear fluid is injected into dog, D-120, May 27, 
1913, at 5 p. m. Kymograph record not taken. Pulse shows no 
marked depressor effect. Temperature at end, 37.8° C. Recovers 
quickly from ether. At 10.45 p. m. (5% hrs.), animal very badly 
poisoned, lies comatose, breathing is shallow, frequent, deep sigh- 
Pulse soft, rapid, 132 per minute. Temperature 
bloody, tenacious mucus are being 
Twitching of leg when stimulated. 


seen. 


ing respirations. 
35.8° C. Large masses of 
extruded from the bowel. 
Practically moribund. 

May 28, 1913, 9 a. m., dead and rigid. Autopsy: Typical but 
ather mild picture of poisoning. Congestion of intestinal mucosa 
begins sharply at pylorus. Bloody mucus in lumen. Diminishes 
in jejunum. ileum appears practically normal. Colon, however, 
is markedly injected and contains bloody mucus. Bowel retains 
more muscular tone than is seen in the most severe cases. Stomach 
not injected. Blood dark and thick, clots slowly. In this experi- 
ment, salt solution was used in the irrigation instead of plain 
water, in order to avoid such a great upset of conditions of osmotic 
pressure in the intestine. 


ABSORPTION OF TOXIN FROM CLOSED LOOP. 
EXPERIMENT 5. 


Dog, D-56.—Black and tan, male, weight 12%, lbs. Operation 
Feb. 11, 1913, 11 a. m.-12.30 p. m. Closed duodenal loop, ends 
ligated with double heavy silk, closed in with running mattress 
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sutures of fine silk. 68 ec. of fluid, D-40-4.2, put into loop. Gastro- 
enterostomy. Condition good at end. Temperature 35.3° C. 

February 12, 1913. Dog much better, brighter, but vomits large 
amounts when he tries to eat. 

February 13, 1913. Better, good appetite, still vomits occasion- 
ally Remains in fair condition with some loss of weight, until 
February 18, when another operation is performed. 

Autopsy: February 19, it is found that there is a slight leak at 
the lower end of the loop. 60 ee. of the fluid, D-40-48, which was 
from duodenal loops in cats, had previously killed a dog weighing 
10°, lbs. The dose then was a lethal one, but the value of the 
experiment is lost, through development of a leak in the loc 


[XXPERIMENT 6. 


Dog, D-137.—Black, female, weight 14 Ibs. Operation July 23, 
1913, 2.30-3.00 p. m. Closed duodenal loop, ends crushed and tied 
with double heavy silk, closed over with running mattress suture 
of fine silk. 52 ce. of fluid O, Dogs 86, 87, 91, 93, inserted into the 
loop through a needle. No gastroenterostomy. Condition good 
at end. 4.30 p.m. Has recovered from ether, but is very quiet. 
Vomits. 

July 24, 1915. Walks about, wags tail, appetite poor. 

July 26, 1913. Becomes very sick in afternoon, etherized 3 days 
after operation. Autopsy: General peritonitis from perforation 
of the loop, which has been distended. It cannot be said that this 
animal, who lived 72 hours, died any sooner than others into the 
loops of which nothing had been put. There was some hyperemia 
of the mucosa of the unobstructed part of the gut below the loop. 


EXPERIMENT 7. 


Dog, D-138.—Male. Operation July 30, 1918. Closed duodenal 
loop, ends crushed and ligated with heavy silk, closed in with fine 
silk. No enteroanastomosis. Condition good at end. 

Lived about 50 hours, dying at noon, Aug. 1, 1913. No diar- 
rhea. Autopsy, uo peritonitis. Loop is almost empty, but does 
not leak. Contains 10-13 ce. soft, putty-like greenish-gray material. 
Mucosa appears quite normal. No injeetion of any part of small 
intestine. The contents of the loop of D-i38 were put at once into 
a fresh duodenal loop made at 3.30 p. m., Aug. 1, 1913, in dog, 
D-139, weight 114% lbs. The ends of loop of D-139 were also 
erushed, tied with heavy silk, and closed in with fine silk. No 
enteroanastomosis. The contents had been diluted with salt 
solution to a volume of 100 ce. Condition good at end. 

Aug. 2, 1913, 24 hours after operation, runs about, pulse good 
quality, condition almost as good as before operation. No evidence 
of toxemia. 

The mucosa from the loop of D-158 was ground up with about 
75 ec. salt solution, and put at once into a iresh duodenal loop 
made at 4.40 p. m., Aug. 1, 1913, in dog, D-140, weight 20% lbs. The 
ends of the loop of D-140 were also crushed, tied with heavy silk, 
and closed in with fine silk. No enteroanastomosis. Condition 
good at end. 

Aug. 2, 1913, 24 hours after operation, runs about, pulse good 
quality. No evidence of toxemia. 

Whipple (personal communication) has performed similar ex- 
periments as 5, 6 and 7 with the same result. 

With the exception of D-114, where chloretone was given, all 
operative procedures described in this paper were carried out 
under full ether anesthesia. 
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NATURAL IMMUNITY OF ANIMALS AGAINST POTSON OF 
INTESTINAL OBSTRUCTION. 
By Davin M. Davis, M. 


Assistant in Pathology, 


Haroip S. Morcan. 


(From the Hunterian Laboratory of Experimental Pathology. The 


the literature of intestinal obstruction, it will be found 

it the many investigators have used many different kinds 

nimals in their experiments, from hedgehogs to monkeys, 

The 

ipparently contradictory character of the conclusions drawn 

It is hoped that the 
present paper may explain some of these contradictions. 


and have attacked the problem from many standpoints. 


vill be very bewildering to the reader. 

in the experiments leading up to their paper on intestinal 
obstruction, Whipple, Stone and Bernheim noted that in the 
few instances when they injected the toxic material, obtained 
from closed duodenal loops in dogs, into the veins: of cats 
The 
present writer then began to investigate this phenomenon. 

The first step taken was an effort to produce a toxic material 
‘rom cats in the same manner in which it had been produced 
by making a closed duodenal loop, with an 
enterostomy to shunt the intestinal current past the closed 


nstead of dogs, the animals appeared to be resistant. 


in dogs; @., 
loop. 

\t first, the ends of the loop were tied off with silk thread, 
and a gastroenterostomy made. ‘Three animals were operated 
ipon thus, and the results were entirely unsatisfactory, since 
‘any obstructions were produced, the animals readily sur- 
vived until the ligatures cut through into the lumen, restoring 
continuity. In two the bowel between the sites of ligature 
was enlarged and thin walled, suggesting that at first, before 
the ligatures cut through, it had been distended by fluid. 
Later other ligature materials and wooden clamps were tried 
vithout success, and eventually the technique of choice became 

loop about 12-18 cm. long with the ends sectioned, inverted, 
and carefully closed with a double row of sutures, and a lateral 
duodeno-jejunostomy. The upper end of the loop was in- 
variably from 1.5-3 cm. below the opening of the bile duct. 

In looking through Table I it will be seen that there is a 
sood deal of discrepancy in the results. VPeritonitis is a most 
requent occurrence, whereas in dogs operated upon in the 
sume manner, it is very rare. The cats with ligated loops 
uvariably survived, barring peritonitis, until the ligature cut 
One cat, 


rough, 


While this is rarely the case with dogs. 


No. 20, survived six days in good condition, finally succumb- 


to a perforation of the distended loop, while another, 


Johns Hopkins University.) 


suffered the same accident in less than 48 hours. In 


the end of three days found the 


No. 44, 
others. as Nos. 63 and 75, 
loops still collapsed, with mucosa appearing normal and con- 
taining a small quantity of pasty material. The properties 
of the contents of different loops vary in like manner, as will 
appear in Table III. The cause of these differences is not 
clear to the writer; for the present we must assume that 
mechanical factors, handling and the like, are responsible for 
the versatile activities of the mucosa. The behavior of the 
ligatures and the frequency of peritonitis are undoubtedly due 
to a lack of strength in the submucous coat of the intestine, 
as compared with that of the dog. 

The average length of life of dogs operated upon by section- 
ing and inverting the ends of the loop is (Whipple) from 24- 
36 hours. The average time of survival of the 14 cats which 
were prepared thus and allowed to die spontaneously was 3.2 
days, including all cases, with or without peritonitis. The 
increased resistance of operated cats is quite definite, but when 
the material obtained from the closed loop is injected intra- 
venously into dogs and cats, the contrast is striking. 

Table I] shows the results of injecting toxic material into 
cats. 

The material used in making these injections (Tables II- 
IV) was prepared as follows: Mucosa was scraped away from 
The contents were 
In either 


submucosa, and mixed with salt solution. 
diluted, if necessary, with .9 per cent salt solution, 
case, toluol and chloroform were added, the mixture placed in 
the thermostat at 57° C. and allowed to autolyze from 2 to 10 
days. Just before injection, the material was heated for 30 
minutes to 60° C., centrifuged if necessary, and _ filtered 
through several layers of filter paper with the aid of a vacuum 
pump. 

Whipple, Stone and Bernheim have shown that the toxin 
obtained from dog loops is not destroyed by this treatment. 
The injections were made from a burette into the external 
jugular vein, and kymograph records of the blood pressure and 
respiration were made in a majority of instances, 
seen that no death attri- 


table (No. 


24)—occurred ; and, indeed, that no svmptoms, except a few 


In analyzing Table I], it will be 


butable to toxic action—barring the death on the 


and 


Ligated, silk. 


1 Ligated, 


» Ligated, silk. 


core 


7 Livated, cord 


Wooden clamps 


do 


12 Ligated, cord 


Upper end, ligated,cord. 


Lower end 


inverted, 


do 


do.. 


Upper end ligated tape. 


Lower end inverted. 


Sectioned; inverted... . 


Ligvated, silk. 


sectioned, 


(aastro-enterostomy. 


Oblique 
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\nastomosis 


ae 


je junostomy, 


Lateral 


do 


jejunostomy, 


Oblique 


duod 


jejunostomy. 


Lateral 


duode 


jejunostomy. 


do 


None, 


None... 
None... 


dluode 


rABLE I. 


duodeno 


no 


‘ho 


CGangrenous, 


2 Loop 


CLOSED INTESTINAL 


Distended, 
slire mucosa 

Distended, but ligatures leak : 
looks normal. 

Distended, but ligatures leak; 
normal, 


Leaks at lower end only; 


normal. 


Not distended, mucosa 


into peritonetim, 


Leaks into peritoneum; mucosa slig 


lv injected. 


lo. 


Ligatures leak: mucosa 
larged and thin walled. 


HOSPITAL 


LOOPS 


normal, leak 
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IN 


does not leak on | ght pres 


osa 


normal; en 


mucosa 


Upper ligature leaks into peritoneum ; 
loop distended, mucosa reddened. 


At end of 10 days, 


loop enlarged, thin walled, but liga 


Retied. 
leak; 


ture leaks. 
distended ; 
dened. 


ho mucosa 


Slight leak to peritoneum upper end; : 


distended, mucosa reddened, 


red 


laparotomy slows 


At autopsy, loop 


Distended, but leaks into peritoneum; 


mucosa injected. 


Distended, but leaks into peritoneum ; 


mucosa reddened. 
Perforation; 
hemorrhages, ulcers. 
Distended, dark, no leak; 
jected, ecehy noses, 
No leak, distended, black; 
dark red, in places greenish. 
Loop 2nd lay 
slightly reddened, 


mucosa vreen, 


excised, 


Distended: mucosa reddened. .. 


mucosa 


Distended; mncosa hyperemic, it 


places greenish. 


Distended, no leak; mucosa injectcd 


Not distended, 35 em. long; 


slightly injected. 


Loop leaks; 


dark, greenish friable. 
Distended, no leak; mucosa 
dark. 

Distended, dark; mucosa 
ulceration. 
Not distended; 
or hemorrhagic. 


mucosa not 


mucosa slightly injected, 


Distended, no leak; mucosa dark, fri 
able, no ulceration. 
Not distended, dark; mucosa dark 


not injected or hemorrhagic. 


Notes lost. 


friable ; 


mucosa 


ATS. 


Normal 


ee. thin, white 
tluid, granular. 
Chick, light vellow. 
Dirty, mucoid, bile 

tinwed. 


Grav, muddy... 


Small amount, dark, 
clav-lil 


Phin. gray, 


muddy 


Small amount, like 
pea soup, 


Normal 


Chick, like pea soup, 
but red in color. 


Large amount light 
brown material, 
like bean soup. 


tec. like pea soup 
Dark, almost black 


do.. 
Dirty, black, syrupy. 


10 ce. greenish black. 
(huid,. 


50 ee. black, thuid... 
7 ee, dark brown, 
pasty. 


Green, like pea soup. 


Green, like pea soup. 


7) ce.-50 ce. 


like pea soup. 


Mucosa 


perforation; mucosa 
injected, 
injected, no 


injected 


20 dark red, 
mushy. 
40-50 ee. like pea 


soup. 


50 ec. like pea soup 
WwW ce. like pea soup. 
35 cc. like pea soup. 


4 ce. black, thick, 
semithuid. 
amount, 


pe i soup. 


like 


.Small amount, dark 
red, thick, like 
salve. 


appears normal. 


Small amount, semi 
fluid, dark 


brown. 


etherized while in good condi 
tion, 
(General peritonitis; 
abcut ligatures. 
Do 


necrosis 


No peritonitis; etherized while 
in fair condition. 

No peritonitis; intestines con 
tracted, partial obstruction 
Pneumonia. 

Uleer with perforation and loca 
peritonitis, just below 
troenterostomy. 

Necrosis under clamps; general 
peritonitis. 

Do 


vias 


Deo 
Cause of death unknown. 


General peritonitis; 
about ligature. 


necrosis 


No peritonitis at Pd operation. 
At autopsy, beginning 
tonitis due to eversion of cit 
end from pressure, 


peri 


Beginning peritonitis; slight 
necrosis under ligature. 

Peritonitis; necrosis under lig- 
ature. 

Do 

Peritonitis following perfora 
tion. 

Died under ether; fluid was to 
be withdrawn from loop. 

Peritonitiy: anastomosis leaks. 

No peritonitis at second opera 
tion; death from peritonitis 
due to failure of closed end of 
duodenum. 

Beginning peritonitis over loop 
only: enteritis. 

Beginning peritonitis over loop 
only; 75 ee. withdrawn on 2d 
day, leaving loop very hyper- 
emiic. 

Peritonitis from a leak 
deno-jejunostomy. 

Do 


in duo- 


Peritonitis from leak at upper 
end of loop. 
Peritonitis from 
convexity of loop. 
Peritonitis from leak at duode- 
num, closed end. 
Slight beginning 
over loop only. 


perforation, 


peritonitis 


Dry fibrinous peritonitis; ori 
vin? 

Peritonitis over liver only. 

Slight beginning peritonitis 
over loop only. 


No peritonitis; cause of death 
unknown. 
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ti do deo ‘ 20 
| 
| 
2 — | 
36)... ae. : 
hrs. 


oo 


D35. 44. 48. 


o4. 63. 


Injections intravenous, except as noted. 


23. 25. 
D31. 28. 55 
D18, 21, 23. 25. 
28. 30. 


D40-43. 


D50. 


D305. 44. 48. 54. 03. 


TABLE IL—INJECTION OF LOOP 
From Amount Weight 
Duodenal loop, cat 25 
Duodenal loop, cat, contents and mnu- 90 
cosa. 
Duodenal loop, cat, contents and mu- 6 
cosa, separately. 
Human jejunal obstructions 11.5 
10) (Smal!.) 
Duodenal loops, cat, mucosa. 60 2048 
Duodenal loop, cat. contents. . 
Duodenal loops, cat, contents. . 15 2500 
Normal mucosa, dog 23450 
Heum loop, dog, contents and mucosa. . 0”) 
530 
Duodenal loops, cat. contents. 2048 
TABLE TLL.—INJECTION OF CAT LOOP 
Duodenal loop, cat, 
Duodenal loop, cat, (leaky) contents 3460 
and mucosa. 
Duodenal loop, cat, mucosa... S400 
Duodenal loop, cat, content: Ww) 46500 
Duodenal loops, cat, contents 100 
Normal mucosa, cat............. 58 | 770 
Duodenal loop, cat, contents and mucosa, a) S960 
95 5000 
Duodenal loops, cat, inucosa and contents Ov 5500 
Hleum loop, cat, contents and mucosa... 60 4100 
Washings from drained loop, cat...... 0 115 4100 
Duodenal loops, cat, contents and mucosa +0 | 4360 


Injections intravenous. 


TABLE V.- 


-NEUTRALIZATION OF 


Neutralizing agent 


ered. 


normal 


Fluid From 
DIs8. 21. 23. Duodenal loops, cat, con- Normal cat serum. 
25. 31. 28. tents and mucosa. 85 cc. 
30. 
D35. 44. 48. Duodenal loop, cat, con- 
54. 63 tents and mucosa. 60 ce. 
do. -do..........+...-... Spleen from two normal cats.... 
ground, thuid tilt 
W......... Duodenal loop, dog, con- 
tents. 30 ce, mal cats. 
O86. 87. 91. Duodenal loop, dog, con- 
93. tents. 54 ce. 
..do. Duodenal loop. dog, con- 
tents. 50 ce. 


Controls. 


None... 


mucosa of cat. 


FLUID INTO CATS. 


Result 


No diarrhea, quick recovery, no other symptoms. 


Slight transient fallin B. P.: 
Cransient 
Death on table; too rapid injection. 


Recovers 


quick recovery. Nodiarrhwa 


or other symptoms. 


fall of 


then recovery. 


toxic to dogs. 


quickly 


B. Diarrhewa for § hrs. after exp., 


This tluid is very 


; no symptoms. Death in four days; 


pneumonia and septicwmia, 


Recovers qnickly ; 


Recovers fairly well, but diarrlhwa sets in next day. 


Recovers quickly ; 


No diarrlwa or other symptoms. 


Some diarrlhwa; green soft stools; 
diarrhea; or other symptoms ; 


Death in 3 hrs.; typical picture at autopsy ; 


Si 


Death in, 


{8 hours. 
infectious colitis. 


37. Table ILI. 
Recovers quickly . 
A little diarrhwa; recovers quickly. 


no s\inptoms. 
Death 


vlon alone is injected. Section slows 


no diarrhea or other symptoms. See 


no symptoms, 


Intraperitoneal injee- 


tion one day later. 


INTO 


vomits. After 4 lirs., no 
remains well, 


DOS, 


protise watery 


diarrhea and vomiting antemortem. 


ck 


later ; 
Vomited once, but no diarrhuwa; 
Prostration: 
slowly: 

Death in 4 


a 


iter 
mediasti 


pro 


injection, no 


killed 5 days later; 


killed 


neck 


days 
wound, 


marked diarrhea, 
nal abscess, extension from 
recovery. 
bloody diarrhea; 
has distemper. 
typical picture at autopsy; 


thuid; recovers 


fuse 


bloody, mu- 


coid diarrhea antemortem. 
Sick, vomits, is prostrated, but no diarrhwa; recovers later, 


typical picture at autopsy: bloody diar- 


and vomiting antemortem, 

Sick, but no diarrhea; recovers fairly well. 
Death 
diarrhea antemortem., 

No diarrhea: quick recovery. 
Death in hrs.: 


in 5 lrs.: 


Death in 44 lirs. 
and lesions are atypical. 
Death 
antemortem. 


Death in 7 hrs.; typical pieture at autopsy: 


in 5 


hre.; 


typical picture at autopsy: only slight 


typical picture at autopsy: only slight 


tntemortem.,. 


There has been diarrlwa developing late, 
typical pieture at autopsy; diarrhwa 


bloody diar- 


rlhwa and vomiting antemortem, 


i spleen and small piece of liver, normal cat. . 


Liver, spleen and intestinal mucosa of 2 nor- 


108 ce. filtered autolysate of normal perfused 
liver, spleen, and intestinal mucosa of cat. 
105 ce. fresh tiltered autolysate of normal per- 

fused liver, spleen, pancreas, and intestinal 


Stood 


eats; coagulum 13 230 


2 = 
cc. vm. 
1127 4860 
1 75 4350 
4 75 2740 


7300 7170 


10162 6912 


7 112 6150 


115 ce. autolysate liver, spleen, and intestinal... 115 6660 


mucosa, normal 


85 ce. autolysate normal perfused liver, spleen, . .. 
at. 


pancreas, and 


Same as used wi 


cat. 


intestinal 
th 


mucosa 


No. 135. 


of 


5052 


LOOP FLUID WITH CAT MATERIAL. 


Result. 


Sick, but recovers, diarrhea not marked. 


Death in t hours, typical lesions at au- 

topsy. Severe diarrhea. 
Do. 

Death in 5-8 hours, typical lesions at au- 
topsy, Severe diarrhea. 

1 soft stool. Recovers, but seems sick; 
dies in 48 hours; autopsy picture of 
septicwmia, 

Death in 8 hours, typical lesions at au- 
topsy. Severe diarrhaa, 

Death in 6-9 hours, typical lesions at au- 


topsy. Severe diarrhea, 


Diarrhea, death in 7 hours. Picture 
atypical; scattered areas of hyperemia 
In mhucosa. 

Quick recovery, 
symptoms. 


no diarrhwa or other 


Fluid 
ll D4. 
D2. 
13 Ds. LO. 
10 Dis. 
24° 3759 
27-3759 
| DIS. 21. 23. 25. 
| DIS. 12. 20. 
41 | 
| O7 Do, 
FLUID 
22 DIS. 17. 20. 
| is 
j 29 | Dis. 21. 33. 35. 
34 D.1. 
3¢ | Did. 17. 30. 
38 
12 
| 17 
| 4") 
5 
D39. 
| 
| } 
| 
73 
107 
132 
135 


«oft stools and some vomiting, were elicited. Cat, No. 31, died 
with severe diarrhea, but it developed rather late, and micro- 
scopic examination showed an cedematous colon mucosa, 
heavily infiltrated with polymorphonuclear leucocytes, and 
alive with bacteria. The process extended, in a milder degree, 
some distance into the ileum. 

Table III gives the results when toxic material was injected 
intravenously into dogs. 

It also shows that the fluids obtained from different 
animals of the same species, operated upon, as nearly as 
possible, in the same manner, may differ greatly in toxicity. 
The fluids used with dogs, Nos. 29, 38 and 47, were resisted in 
ordinary doses, but when combined and a large dose given, 
they proved fatal to dog, No. 49. Dogs, Nos. 37, 55 and 68, 


however, succumbed to moderate doses. Dogs, Nos. 37 and 63, 


were injected at the same time as cats, Nos. 36 and 69. The 


re sults are placed side by side in Table IV. 


IMMUNITY OF CATS TO POISON OF 
CLOSED LOOPS. 


rABLE IV. 


Fluid from cat Dose per 
No duodenal loops 2 Weight gm. in ce. pecies Resul 
a 
gm. 
36 17, 20. 2560 0.0180 Cat Recovery, no symp- 
toms. 
37 D115. 17. 20. 50° 6660 0.0075 Dog Death in 4 hours; 
typical lesions. 
69 D35. 44.48. 50 2048 0.0240 Cat A little diarrhea; 
54. 63. recovery. 


68 D35. 44. 48. 50 4360 0.0114 Dog Death in 7-8 hours; 
54. 63. typical lesions. 


Intravenous injections in each experiment. 


In each experiment (Table IV) the cat received more than 
twice as much poison, per gram of body weight, as the dog, 
and in each case, it recovered easily, while the dog succumbed. 
It would have been desirable to push the dose to the lethal 
line for cats, but the supply of material was insufficient. 

The results in the above tables were taken to show that 
dogs reacted to the toxic substance produced in closed loops 
of cats in the same manner in which they react to that from 
closed dog loops. This reaction is described by Whipple, Stone 
At the time of 
injection, the blood pressure shows a transient fall, and res- 


and Bernheim,’ and is in brief as follows: 


piration is accelerated. The animal recovers from ether and, 
if not too strongly poisoned, walks about and seems fairly 
normal. Diarrhea may begin at any time; soon, usually in 
about 14 hours, the animal grows quiet, a slow but steady fall 
of blood pressure and temperature commence, diarrhcea in- 
creases, becoming mucoid, then fluid and bloody, copious 
vomiting occurs, coma intervenes and death takes place in 
4-8 hours, with convulsive muscular twitchings and paralysis 
There may be slight variations, as, for in- 
stance, if the dose is overwhelming, the animal may succumb 


of resp! ration. 


in 2-4 hours without vomiting or diarrheea, when the bowel 
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and stomach will be found tightly distended with bloody fluid 
which has not had time to find an exit. 

The autopsy findings, which are designated in the tables as 
“typical lesions * are quite constant. The appearance is that 
of great splanchnic congestion. The veins are full, the 
intestine and stomach distended and dark colored, the peri- 
staltic movements active. On incising the stomach, it is full 
of fluid and mucus, which may be blood-stained. The gastric 
mucosa may show slight hyperemia, but never a very marked 
erade, 
the intestinal mucosa shows the most extreme hyperemia and 


Beginning, however, at or slightly below the pylorus, 


swelling, and is covered over with a thick, buttery layer of 
yellow mucus. The lumen is filled with a thin, blood-stained 
fluid. The normal bile-stained color of intestinal contents is 
entirely lacking. This turgidity of the mucosa is most pro- 
nounced in the duodenum. It is always uniform, never patchy. 
In mild cases, it may extend downward only to the upper 
jejunum, while in severe cases it involves duodenum, jejunum, 
ileum and colon in an almost uniform congestion. If diar- 
rhoea has existed for any length of time, everything resembling 
normal contents or feces will have been expelled, and nothing 
remain in the gut except the watery, blood-stained, choleraic 
fluid with flakes of mucus described above. The heart usually 
stops in diastole, though it may beat for some time after 
respiration ceases. The blood is very dark and thick from its 
dehydration, and clots with great slowness. This last phe- 
nomenon is due, according to Whipple, to the presence of an 
excess of antithrombin. Microscopically the mucosa shows 
tremendous swelling, distention of the blood vessels and ex- 
travasation of blood. There is an enormous amount of epi- 
thelial desquamation, but no polymorphonuclear infiltration or 
other sign of infection. 

All these details were observed in the dogs poisoned with cat 
material, and therefore it would appear that the toxic sub- 
stance present is probably similar to that found in the closed 
loop of dogs. Dogs seem to have a tendency to react in this 
manner, witness the similar, but not identical, pictures in 


“anaphylactic enteritis” and poisoning with typheid and 


colon bacillus toxins.* ** 

In Table IV, animal, No. 42, is shown as being fatally 
poisoned by an extract of normal cat small gut mucosa. Since 
the material had stood some time, however, and since a later 
experiment with fresher material (No. 53) failed to support 
the finding, it is not thought to be of great importance. Why 
the first-mentioned extract should have been or have become 
toxic is not at present evident, though the conjecture of a 
possible secretion of toxic substance by normal or apparently 
normal mucosa at once presents itself. 

In Table ILI, again, animal, No. 65, was killed in a few 
hours, with symptoms and autopsy picture the same as in those 
poisoned with closed loop material, by a fluid which was ob- 
tained by daily washing out a cat duodenal loop which had 
been brought to the surface at each end. This cat, D. 39, 
remained in excellent condition during the time the loop was 
irrigated daily. The secretion was in the form of almost clear, 


slightly yellowish fluid, containing flakes of mucus. It was 
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immediately preserved with chloroform and toluol, and evap- 
orated down at 60° C. to suitable volume for injection. Here 
the poisonous material was removed as it formed from the seg- 
ment of gut, and the cat did not show the effects of its absorp- 
tion. The mucosa of this drained loop at the end of the ex- 
periment was macroscopically normal. 

The reader will have noted that the toxicity of the various 
cat loop fluids has been judged in this paper solely by their 
action on dogs as experimental animals. Efforts were made to 
discover some smaller animal which would be suitable for this 
purpose. It was felt that any mode of injection except the 
intravenous was unsatisfactory, owing to the difficulty in 
sterilizing the fluids, and the somewhat irritant nature of 
some of the extracts. 

Guinea-pigs, rats and mice were abandoned. Other ob- 
servers have found guinea-pigs so susceptible to foreign 
materials as to render them useless.’ A long series of injec- 
tions was made in 35 rabbits with the result that they, too, 
seem unsuitable for the purpose. Their hold on life is very 
insecure, and they readily succumb to infection, intercurrent 
or even preéxistent disease. A rabbit infected with coccidiosis 
will die from a much smaller dose than will be sustained by its 
uninfected brother. Unless the greatest care is exercised in 
injection, the animal may die in convulsions in a few minutes, 
while if it does not, it often lives 24-48 hours, when the possi- 
bility of infection spoils the result. When death does occur 
in a few hours, no typical symptoms have been noted, and the 
autopsy findings are indefinite. All this is in contrast to dogs, 
which readily resist the infection from injections of non-toxic 
fluid, but which die with remarkably constant symptoms, and 
which present a typical picture at autopsy. 

Drained loops like that described above, known as Vella 
loops, have long been used by physiologists in investigating 
the intestinal secretions. It has been noted by some of them 
that if a second dog receives an injection of the contents of 
such a loop, he himself is better able to withstand the crea- 
tion of a similar loop of his own intestine. Whipple, Stone 
and Bernheim demonstrated the existence of an immunity of 
this sort in dogs—when treated with ascending doses of toxic 
material they support a lethal dose of toxin intravenously, 
and also live much longer than otherwise after a closed loop 
has been made. ‘The researches of these investigators show 
that the immunity in these animals resides principally in the 
liver, spleen and intestinal mucosa, and not at all in the blood. 
Since it appeared that in the cat we possess an animal 
enjoying a natural immunity, it became of interest to discover, 
if possible, wherein that immunity lay. With this intention, 
various known toxic fluids, principally from dog closed loops, 
were mixed with organs from normal cats, with cat whole 
blood, and with cat serum, allowed to stand for some time in 
the incubator, and then filtered and injected into test animals 
(small dogs). 

Table V shows that little success was attained in these 
efforts. Two of the dogs, Nos. 52 and 107, did not die typically. 


In the case of dog, No. 52, the toxic fluid used was of doubtful 


potency. In the case of dog, No. 107, some dog loop fluid, 
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kindly furnished by Dr. Whipple, was used. Previous tests 
had shown that 10 ce. of it would kill a dog weighing 15 lbs. , 
(7680 gm.). This fluid was incubated with a large quantity 
of ground cat organs, and part of it may have remained by 
absorption with the residue on the filter paper. Consequently, 
although this animal did not die a typical toxic death, one is 
not justified in considering it an unequivocal demonstration 
of neutralization of the toxin. In later experiments, the 
filtered autolysate of the organs was used instead of the ground 
organs themselves. 

The death of the first control dog, No. 133, is confusing, but 
the fluid was rather old, and was of a lot not used in any of the 
neutralization experiments. It may have undergone bac- 
terial change. In the case of dog, No. 136, the same fluid used 
in preparing the toxin-neutralizer mixture for dog, No. 155, 
was selected, and the injection of a large quantity of it had 
no effect whatever on the animal. Within two hours he was 
entirely normal, and making the most vigorous elforts to 
break down the door of his cage. 

These experiments, then, remain rather inconclusive. But 
it is safe to say that closed loop toxin cannot readily be neu- 
tralized by autolysates of normal cat organs, as it can by 
autolysates of immune dog organs. 


TABLE VL—IMMUNIZATION OF RABBIT; DOG LOOP FLUID. 


No. Date Dose Weight Dose Result 
per gm. 


ce gm. ec. 


112 «(8/17 | 3.1 690 Well. 
5/18 5.1 690 .0072 Well. 
5/22 10.2. 690''.0148) Well. 


5/2 15.0 690 .0217 Well the same day, but dies in 48 hrs. ; 
infection (7%). 


109 5/17 1.6 1640 .0010) Well. 
110 1.3 640 .0020) Well. 


lll 5/17 4.5 1500 .0030 Dies in 2 hrs.; autopsy shows much 
mucus in intestine, also broncho 
pneumonia. 


ll3a 5/20 1.5 765 .0020 Well. 


te 


113b 5/20 5 6620) We lll, 


113¢ 5/20 3.9 650 .0060 Sick, recovers at first; dies in about 
12 hrs.; few small red spots in duo 
denum. 


113d 5/20 5.6 6% .0089 Soonrecovers; dies in 8-10 hrs.; many 
small red patches in intestine; but 
there are small areas of broneho- 
pneumonia. 


Fluid used: 033-34, from closed duodenal loops of dogs. 


Table VI illustrates the doubtful character of the results 
obtained with rabbits. If rabbits, 113 C and D, died from the 
effects of the toxin, rabbit, 112, undoubtedly had been given an 
active immunity; but it is not certain that they did. There- 
fore no definite statement can be made concerning immunity 
against closed loop toxin in rabbits. 

From these tables it will appear that great care must be 
exercised in interpreting the results obtained by introducing 


| 
| 
| 


supposedly toxie intestinal material into animals of various 
species. In going through the literature, one finds that all 
experimenters have had difficulty in poisoning cats with in- 
testinal toxins. Usually where they have succeeded, it has 
been by intraperitoneal injection, with lethal result in 14-18 
hours, in which case the possibility of infection must enter. 
Von Albeck is an exception. He was able to induce the death 
of kittens by the introduction, intravenously as well as intro- 
peritoneally, of 5-20 cc. of the contents of strangulated in- 
testinal loops, suitably diluted with water. Some of them 
died in as short a time as 4} hours. Te, however, states that 
many kittens and cats proved extremely resistant.’ 

Another source of confusion lies in the ease with which 
animals of any species may be killed by introducing this sort 
of fluid too rapidly into its veins; for example animal, No. 24, 
in Table II. 
of rabbits, and mars the value of the work of Roger and his 


It is, however, especially important in the case 
associates. In their results, all except immediate deaths are 
ignored, and it is only by perusing their tables carefully that 
one learns that some of the animals succumbed at the end of 


5-24 hours, often with diarrhaa. 


CONCLUSIONS, 
1. Cats will survive two to six days after the production 
of closed duodenal loops, often dying of peritonitis. 
2. The contents of these loops after heating and filtration, 
will kill dogs, when injected intravenously, with the same 
symptoms and anatomical picture seen when dog loop contents 


are used. 
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3. Cats are resistant to this toxic material, withstanding 
with ease doses of over twice as much per gram of body weight, 
as is necessary to kill dogs. 

t. Efforts to neutralize the toxin of duodenal loop contents 
by incubation with cat organ extracts, cat blood, and cat 
serum, have been unsuccessful. 

5. Rabbits and guinea pigs are much less suitable for test- 
ing the toxicity of intestinal fluids than dogs, owing to their 
great susceptibility to hurtful influences of all sorts. 

6. Cats are also less suitable for the same purpose than dogs 
owing to their high natural immunity against closed loop 
toxin. 

The last two considerations must receive careful attention 
in drawing conclusions from any set of experiments dealing 
with the poisons of intestinal obstruction. 

We are indebted to Mr. Roy E. 
number of the experiments. 


Fallas for his assistance in a 
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NIELS STENSEN.* 


By Wittiam Snow Mitver, M. D., 


(Anatomical Laboratory, University of Wisconsin, Madison, Wis.) 


Pulchra sunt quae videntur, pulchriora quae sciuntur, longe pul- 
cherrima quae ignorantur.—STENSEN. 

Situated below and in front of the ear is the largest of the 
salivary glands. Extending from its anterior border, at. its 
most prominent part, is a duct which opens into the mouth 
cavity by a small orifice opposite the second upper molar, 
This is the ductus parotideus, commonly known as the duct 
of Steno, or Stensen’s duct. 

As one wanders through the University of Copenhagen one 
will see hanging on the wall, surrounded by many of the old 
anatomists, a picture of a Catholic bishop. His curiosity 
is aroused by seeing a churchman placed in such strange 
company. ‘The picture is that of Niels Stensen. 

In the fall of the year Iss1, the president of the Interna- 
tional Congress of Geologists, then meeting at Bologna, sent 
a delegate to Florence to lay a wreath on the grave of a man 
who is considered one of the great men in the history of 


veology. The grave is that of Niels Stensen. 


* Read at the January, 1913, meeting of the University of Wis- 
consin Medical History Seminar. 


How comes it that the man, who lies in that quiet tomb of 
the Medici in the Basilica of St. Lawrence at Florence, has his 
name connected with so varied a life as is indicated by the 
above statements ? 

I shall not attempt to answer in full the above question, 
for it would take more time than | have at my disposal. I 
shall confine myself largely to the anatomical side of the 
question referring to the rest sufficiently for a full under- 
standing of the character and motives of our anatomical- 
geological-bishop. 

Steen Pedersen, Stensen’s father, was a goldsmith in Copen- 
hagen; his mother was Anna Nilsdatter and was probably the 
second wife of Pedersen. On the 10/20 of January, 1638, 
there was born to the couple a son, who, as was the custom at 
Besides 
a brother, 22 years old, by the name of John, Stensen had a 


sister, Anna, who married a certain Jacob Kitzerov and lived 


that time, took the Christian name of his father. 


at Copenhagen. Stensen’s father died before he was six years 


old and, as his mother soon married again, he lived with his 


grandparents. In regard to this period of his life Stensen’s 
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nembrances were not very pleasant, for from his third 
til his sixth vear he was sickly, and, living as he did with 

is grandparents, he had too much of “old folks” and too 
ittle of the companionship of children of his own age. The 
conversation to which he had to listen was largely of a re- 
ivious nature and, as Foster says, he “ heard much, too much 
perhaps, of the doctrines of Luther.” 

We know but little of the early education of Stensen, Blon- 
del states that his grandparents provided him with a private 
tu’or in order to fit him for the university. However his 
early education was acquired it must have been very thorough, 
for in later life he spoke and wrote Latin, German, Dutch, 
Freneh, Italian and English. He also had a fundamental 
cnowledge of Hebrew and Greek. He was especially fond 
of mathematics, and had not circumstances directed him 
otherwise, would probably have made them his life study, 

The University of Copenhagen was founded by Pope Sixtus 
IV in 1475, and the first instruction was given in June, 1479. 
At this time the university was under the auspices of the 
Catholic church and so continued until the Reformation, 
when, after various vicissitudes, it was discontinued in 1533. 
In September of 1537 Christian IIL restored the university 
as a Lutheran institution. 

In 1656, at the age of 18, Stensen entered the university, 
or, as they said at that time deponirte. The word deponiren 
has quite another significance than “ matriculation ~; it refers 
to the highly grotesque and not always agreeable ceremony 
which took the place of the simple matriculation of the present 
day. 

Within a specified time the young student, after depositing 
his school certificate, and it had been found satisfactory, had 
to present himself to the oldest pede/l (who was always one 
of the oldest students) to be prepared for the academic con- 
secration, On the appointed festive day the candidate 
appeared, with other candidates, at the Studtenhof in a 
true carnival costume. ‘The more grotesque it was the more 
pleasing it was to the student body. The pede// then came 
on the scene clothed in like manner and provided with whip, 
pinchers, plane and like instruments. He then drove the 
victims with shouts and blows into a room where a sort of 
examination was held; but no matter how well the questions 
were answered it always ended with a flogging. 

Next they were subjected to all kinds of comic tricks with 
plane and pinchers and were pushed about until they were 
completely relieved of their clothing. Water was now and 
then dashed over their heads in order to remove the black 
smudge from their faces. When this was accomplished the 
students were deponirl. The “freshmen ” then appeared 
wfore the dean of the university in proper clothing, One 
of them besought him, in the Latin language, for admission 
into academic citizenship in order that they might become 
fitted for a nobler and purer life than they had hitherto led. 

The dean commended their zeal and explained in a long 
liscourse, the svinbolic significance of the preceding cere- 
monies, The flogging should reeall the miserable-school life 


rom which they had now escaped, and at the same time 
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should prepare them for all the hardships that awaited them 
in the future which should be endured with the same patience 
as the blows of the pedel/. The outlandish costumes in which 
they had been clothed should bring before them the crude, 
animal condition to which one brings himself before reaching 
the perfected strength of academic culture: the costume just 
cast off should encourage them to overcome every vice to 
which human nature is heir and to cultivate every virtue 
which improves and beautifies life. 

At the close of the address the dean poured wine over the 
heads of the voung students to express thankfulness that God 
had called them to a higher career, and then placed salt on 
their tongues as’a symbol of wisdom, for which they should 
now strive of their own accord, nor longer be driven by rod 
or whip, 

It was the custom at the University of Copenhagen for 
students to choose one of the professors for his preceptor, who 
should be his guide, philosopher and friend throughout his 
new scientific career. Stensen chose Thomas Bartholin, who 
preserved in him a student who eclipsed his own fame. This 
is a strong statement when one considers that the Danes to 
this day are exceedingly proud, and with good reason, of the 
family of Bartholin, who not only taught at Copenhagen 
throughout the entire seventeenth century, but, through their 
students, brought to their university a fame which extended 
over all Europe. 

Under the direction of Bartholin, Stensen began the study 
of anatomy and at the same time he continued his earlier 
studies. He pursued with special industry not only mathe- 
matics but also Hebrew, in which he had already made con- 
siderable progress, and became so proficient that in later life 
he could easily read his Bible in that language. 

The vears during which Stensen was at the University were 
stormy. In 1658 the Swedes invaded Denmark and besieged 
Copenhagen. The students rallied to the defence of the city 
and formed a regiment which numbered 266 and was known 
as “the black coats” on account of the color of their cloth- 
ing. Upon the roster of this regiment we find the name of 
Stensen; he held a commissien as corporal with 86 students 
under his charge. Day and night they labored repairing the 
walls or repelling the attacks of the foe. This was quite 
another life than bending over his books or listening to the 
lectures of his professors. The patriotism of the Danish 
students has often been tried; in 1700, 1716, 1801 and 1807 
they came to the defence of their beloved city, 

Not only did the city have to contend with foes without, 
but they had an even more deadly foe to contend with within 
the city; famine broke out and they suffered all its horrors 
before relief came in the shape of reinforcements and pro- 
visions furnished by the Dutch fleet. 

Though it be true infer arma silent musae Stensen found 
time to attend such lectures and to make such dissections as 
were conducted by his professors during the intervals when 
the students were not on duty, 

After three vears” residence at thr University of Copen- 
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hagen it was the custom for students to complete their 
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studies at some foreign university, and their preceptor gave 
them a certificate and often letters of introduction to some 
special friend or colleague. Thomas Bartholin gave Stensen 
such a certificate and a letter of recommendation to Professor 
Gerhard Blasius of Amsterdam. 

At the beginning of the seventeenth century the medical 
schools of Ilolland enjoyed a creat reputation because of the 
advantages which they possessed in the teaching of anatom\ 


he men who taught anatomy: at Amsterdam 


and because of t 
was Blasius or in Dutch, Blaes; at Leyden were van Horne 
and Sylvius. Stensen pursued his studies at both of these 
places. Stensen first went to Amsterdam and became an 


inmate of the house of Blasius. Searcely had he taken his 


scalpel in his hand when he made a discovery which will per- 
petuate his name—the discovery of the duct of Steno. No 
sooner had he made the discover) than he was involved in a 
controversy with Blasius. At that time discoveries in anatomy 
led to very acrimonious strife and, in the case of Wirsung, 
We have a very complete account of the con- 


troversy and it may be of interest to follow it, for it sheds 


to murder. 


light on the methods of the day. 

Stensen himself, in a very modest way, gives an account of 
the discovery, in a letter which he wrote from Leyden, April 
22. 1661, to his old preceptor Bartholin at Copenhagen. I 
will quote part of the letter: 


Since you request of me in your letter to publish a representa- 
tion of the external salivary canal, I am induced to explain 
to you briefly the envy which this otherwise unimportant discov- 
ery has caused me, as also the lessons which I have learned from 
it, not in order to seek glory in little things but to refute the 
hated accusation that I am anxious to adorn myself with borrowed 
plumage. 

It is not a year since I was hospitably received by Blasius. He 
permitted me at my request, te dissect with my own hand what- 
ever I should purchase, and fortune so favored me that in dissect- 
ing in my first study, the head of a sheep, which I had purchased 
on the 7th of April, I discovered a canal, which, so far as | know, 
no anatomist has as yet described. As I was just about to separate 
the well known tissues and then to dissect the brain, it occurred 
to me that I ought to first examine the vessels which surround 
the cavity of the mouth. While | was examining for this purpose 
the veins and arteries, I noticed that the point of my knife no 
longer wedged in between the tissues, moved more freely in a 
large cavity, and I soon heard as I pushed forward the iron the 
sound it produced by striking the teeth. Astonished at this dis- 
covery I called the master of the house to get his opinion. He first 
ascribed the sound to the thrust of the knife, then he had recourse 
to explaining it as a “freak of nature”; finally, he consulted 
Wharton, but since this also did not help us, and since the ves- 
sels, which had not been very carefully handled, did not permit 
of further examination, I determined te again make the same 
examination but with greater care. I succeeded, though not as 
well us the first time, on the head of a dog. 


In t month Stensen communicated ~ discovers 
to bis friend Jacob Henry Paulli, who in 1662 was made 
professor of anatomy at Copenhagen, and later to Sylvius, 
etter known as Du Boe or Dubois, at Leyden. Sylvius found 

duct in man. In a letter to Eysonius of Groningen, the 

inver brother of Blasius ascribes the discovery to Stensen. 


Blasius, the elder, did not agree with him. He was greatl) 
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enraged that Stensen should claim the discovery which 
declared he himself had made. Instead of bringing pro 
that the discovery was his, he called Stensen “ liar,” “ blas- 
phemer ” and “ malevolent fellow inflated with envy.” Good 
proof that Stensen’s assertions were true. Further on in his 
letter to Bartholin, Stensen says: 

Had not the celebrated Mr. van Horne given my name to the 
canal in so conspicuous a place, before such a circle of learned 
men, I should gladly have renounced my rights. But to proceed 
to other things: I shall mention one fact which I consider the 
most conclusive proof. Blasius shows plainly in his treatise “ De 
medicina generale” that he has never sought for the duct; for 
he does not give to it either the proper point of beginning or 
ending, and assigns to the parotid gland so unworthy a function, 
that of furnishing warmth for the ear, that were I not right 
certain to have shown him the duct, I should be tempted to assert 
that he had never seen it. 


Bartholin replied to this letter on the 10th of the following 
May, and savs among other things: 

The fatherland congratulates itself upon such a citizen, I upon 
such a pupil, through whose efforts anatomy makes daily progress 
and our lymphatic vessels are traced out more and more. You 
divide honors with Wharton, since you have added to his internal 
duct an external one, and have thereby discovered the source of 
the saliva concerning which many have hitherto dreamed much, 
but which no one has (permit the expression) pointed out with 
the finger. Continue, my Steno, to follow the path to immortal 
glory which true anatomy holds out to you. 


Bartholin regretted the controversy that had arisen with 
Blasius. Probably his own controversy over the discovery of 
the lymphatics, which occurred about this time, made him 
somewhat cautious. 

The annoying experiences to which Stensen was subjected 
at Amsterdam made his stay tuere disagreeable ; besides he 
had outgrown Blasius. He therefore went to Leyden where 
The ill will of Blasius fol- 
lowed him. Ole Borch, a fellow student of Stensen’s at Ley- 
den, wrote to Bartholin on the 20th of March, 1661, that he 
had heard that Blasius claimed the discovery of Stensen as 


Svivius and van Horne taught. 


his own, 

But Stensen will answer him, not on account of the glory which 
is attached to the discovery, but because Stensen will not wish 
it to appear as though he had misled Sylvius and van Horne, who 
have publicly called the duct “ Steno’s duct.” 

About this time Blasius published his “De medicina 
generale,” above spoken of, in which he expressly claimed 


the discovery of the duct. This claim Stensen proceeded to 


refute. On the 6th and 9th of July, 1661, Stensen conducted 
a brilliant public debate, over which van Horne presided, 
which did great honor to a young man only 23 years old. 


The debate increased the bitterness of Blasius and he com- 
plained in a letter written on the 16th of July to Bartholin, 
that Stensen takes to himself, regardless of propriety and in 


violation of the truth, a discovery the glory of which belongs 


to him—Blasius. Bartholin, although he did not openl 
take sides, answered Blasius on the Ist of September and 
‘alled his attention to his ridiculous behavior. “ Your con- 


’ 
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science will tell you who is right in this matter.” “ Fare- 
well,” he concludes his letter, “ and control yourself.” 

In the mean time Stensen proceeded to investigate the 
clands of the eye. After he had returned from a short jour- 
ney he reported the results to Bartholin, on the 12th of 
September. Bartholin rejoiced greatly over the success of his 
pupil, and wrote him on the 10th of November, “ Your fame 
srows from day to day. Your pen and sharp eyes know no 
est.” Bartholin was right. Stensen worked incessantly and 

ule diseovery after discovery. In December he published 
the results of his work on the glands of the eye and vessels 

the nose and, in the early part of 1662, this was followed 
iy a collection of his observations. 

Greatly elated by the progress of his student, Bartholin 
astened to heartily recommend him to the King. “ You 
ay count upon the favor of the King, as well as the applause 
of the learned,” Bartholin wrote Stensen on the Ith of 
February. 

During the latter part of 1662 and in 1663, Stensen seems 
to have been busy with his investigations on muscle, especially 
that of the heart, and defending himself from the attacks of 
Blasius. On March 5, 1663, he wrote Bartholin that the 
controversy had again broken out; yet in the mean time 
Blasius had not learned where the canal began or ended. 

In the early part of 1664 Stensen went on a short journey. 
Where he went no one has been able to discover; but on his 
return he went to Copenhagen. It is quite probable that the 
death of his step-father which occurred at this time called 
him home; possibly the prospective appointment as professor 
of anatomy was another reason. During his stay in Copen- 
hagen he published his “ De musculis et glandulis observa- 
tionuim specimen,” which he dedicated to King Friedrich ILI. 
His conception of the heart as a muscle created the greatest 
sensation. 

The heart has been considered the seat of natural warmth, 
as the throne of the soul and even as the soul itself. Some have 
greeted the heart as the sun, others as the king; but if you exam- 
ine it more closely, one finds it to be nothing more than muscle. 

Imagine the consternation this simple statement made; de 
Hedovville writing in 1665, says: “ This simple observation 
overthrew a system to which medicine clung most te- 
naciously *; the celebrated physiologist, Haller, writing in 
did not hesitate to pronounce this volume a golden 
book which contained the rich seed for new discoveries. 

In spite of Stensen’s success as an anatomist and the great 
reputation which he had acquired, and notwithstanding the 
support of Bartholin, he failed to receive the appointment as 
professor of anatomy at Copenhagen. On the 29th of August 
the King appointed Matthias Jakobsen to the professorship, 
ind Stensen hastened to leave the city. 

He first went to Holland and then by the way of Kéln to 
Paris where he remained until the end of 1664 or the begin- 
ning of 1665. The acquaintance which Stensen made while 


in Paris with Thevenot had a far reaching influence. Through 


im he gained entrance to the circle of savants who assembled 


about Thevenot. An address which Stensen gave before this 
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select circle, on the structure of the brain, attracted much 
attention. Not only his contemporaries, but also students of 
our own time acknowledge the important bearing of his 
address on the development of neurology. Both Daremberg 
and Sprengel declare it the beginning of modern investiga- 
tions concerning this organ. I will quote a single paragraph: 

Upon its surface you note many things which excite your won- 
derment, but after you have penetrated deeper you see nothing at 
all; all you can say is that you find there two different substances, 
the one grey, the other white; that the white substance is con- 
tinued into the nerves which are distributed throughout the entire 
body; that the grey sulstance serves in some places as an envelope 
for the white, in other places it separates the white fibers from 
each other. If we ask what this white substance may be, in what 
manner the nerves are united with the white substance, how far 
the nerves penetrate with their furthest ends into this substance, 
we have reached a point where we must confess our ignorance, 
lest we desire to increase the number of those who prefer to be 
admired by a credulous public. 


The entire address is well worth careful reading by one 
interested in the subject; it can be found in Winslow’s “ Ex- 
position anatomique de la structure du corps humain.” 

In the fall of 1665 Stensen made a journey into southern 
France where he found the recommendation of Thevenot 
secured for him the friendliest reception among the savants. 
With Italy so near he could not pass by this land which was 
so interesting to the young scientist. A letter of Malpighi 
tells us that in the early part of May, 1666, Stensen was in 
Rome. From there he traveled by the way of Livorno to 
Florence where he remained some time perfecting himself in 
the Italian language. 

There still remained some of the glamor of the ancient 
splendor of Tuscany. Even in Stensen’s time the court of 
the Medici was the gathering place of the learned who visited 
Italy. The Grand Duke Ferdinand II, as well as his brother 
Prince Leopold, were the generous patrons and promoters of 
the sciences, Not only was Stensen kindly received by the 
Grand Duke, but through the influence of Thevenot, and of 
Viviani the pupil and companion of Galileo, he was appointed 
body physician to the Grand Duke who assigned to him a 
pension and a residence. Besides this Stensen received an 
appointment to the Hospital of Santa Maria Nuova. This 
interesting hospital was founded by Foleo Portinari, the 
father of Dante’s Beatrice, in 1288, and is still in existence. 

Stensen now followed the court which held residence some- 
times in Florence, sometimes in Pisa, sometimes in Livorno, 


] 


During these journeys he had the best of opportunities to 


make observations and discoveries. A series of dissertations 
which he sent to Bartholin enabled him in the following year 
(1667) to publish a large epoch-making book on the muscles. 

Stensen had at this time reached the height of his fame. 
Denmark now desired to have the young scientist occupy the 
chair of anatomy at Copenhagen; the savants of Holland and 
France admired his discoveries; Florence desired to entwine 
his laurels in her wreath of glory. Certainly, now that Sten- 
sen had become a Catholic, opportunities and honors came to 


him; but earthly motives no longer actuated him. 
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This brings us to an exceedingly interesting period in the 
life of Stensen: his conversion from Lutheranism to Catholi- 
cism. [ wish T had more time in which to discuss this change 
in his life and work. IT do not believe with Foster that it 


was a sudden change, but rather one that was reached after 


mature deliberation. Science lost a most brilliant worker, 


but the Church gained an earnest, lovable devotee who spared 
no effort to promote her interests. 
When 21 vears old Stensen left the university of his father 


land a faithful Lutheran. With impetuosity and vigor the 


voung man gave himself up completely to the scientifie cur- 


rent which met him in Holland: in scientific relations truly 
it was not to his disadvantage. Not so fortunate was the new 
atmosphere for his orthodox belief. Many of his friends were 
atheists, others, as Spinoza, pantheists; the greater number 


belonged to the motley erowd of Calvanists. Stensen soon 


hecame aware of the danger which threatened him = from 
fellowship with such men. The study of the heart and 
other portions of the body had, so Stensen wrote a friend in 
Hannover in 1680, brought him back on the right track, since 
he had become convinced that so wonderful a structure could 
not arise by accident or fate but must be the work of a master 
workman whose wisdom was unending. As such he found 
God, the Creator of all things. His scientifie studies carried 
him still further. The discovery of numerous errors which 
men of seience advanced as established truths, shook power- 
fully his belief in lis “infallibility * in’ religious things. 
Still more, and certainly forever, was his faith in the teach- 
ings of the Reformation shaken. Thus, step by step, he no 
longer held to the tenets of his father, no longer to lis former 


dogmatism. This showed itself especially when he met with 


Catholies. Generally he abstained from discussing religion 
with them. If he could not prevent it, he defended himself 
‘lv. as he said, so long as he held Luther's translation of 
the Bible and Catechism as the true, undoubted word of 
God. Still he could not conceal from himself that the life of 
some of his Catholic friends made a deep impression on him, 
a life which he neither found in philosophy nor had oppor- 
tunity to observe in his friends of other faiths. 

Stensen was not far from Catholicism. The only change 
that he perceived in himself was, that he saw less in his earlier 
religious belief to maintain, and more and more laid aside the 


resentment which he felt against ‘other faiths. During his 


journey to Paris in 1664 he met a Jesuit father in Kéln whe 


told him many things about Catholicism and asked him ques- 


tions in regard to his own belief that he found hard to 
answer. Llere again luis active mind was directed Into new 
lines of thought. Certain it is that his intercourse with 


Bossuet in Paris removed many of his prejudices against 
Catholicism. 


You will recall that in 1666 Stensen went from Paris on a 


journey; this brought him to Rome and later to Livorno jast 
at the time of the Corpus Christi procession, which made a 
great impression on him, From Livorno he went to Florence 


and became connected with the Hospital of Santa Maria 
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Nuova: a Lutheran connected with a Catholic institution, re- 
versing the position which he later occupied: a Catholie con- 
nected with a Lutheran institution, 

One day Stensen came into the pharmacy connected with 
the Cloister attached to the hospital. There he met Sister 
Maria Flavia del Neno who had charge of the pharmacy. 
She belonged to a prominent family in Tuscany and had been 
in the Cloister since 1631. Quite naturally, she regretted that 
the noted anatomist and physician was a Lutheran. The 
devout nun took this seriously to heart and she sought by 
pravers and friendly words to win him for the Catholic 
church. Stensen listened to the unaffected words of the 
Sister willingly for they came from a heart that, as he soon 
noted, was concerned for his best welfare. 

In Florence, Stensen met still another woman who was to 
be influential in forming his decision, As body physician to 
the Grand Duke, and a famous anatomist, he easily gained 
entrance into the associations and scientific cireles of the city. 


Among these, the most noted, was one that assembled at the 
house of the ambassador from Lucca, Arnolsini. His wife. 
Signora Lavinia, was evervwhere known as a generous anid 
devout woman. She soon discovered the lofty sentiments of 
the voung Protestant savant and joined with Sisfer Flavia in 
pravers and penance that they might win from God his con- 
version, 

As Signora Lavinia saw with what industry her friend 
studied the Catholic teachings, she urged him to talk with 


ather-confessor, the Jesuit Savignani. The nun gave him 


Stensen followed it and consulted him: he 
soon gave him his complete contidence and opened to him his 


innermost thoughts. wy frequently met and held long con- 


versations together. By means of these interviews the last 
doubts were soon removed. Stensen’s mind was convinced, 
but as vet the last “1 will” would not come from his lips. 
When at last it did come, it formed the sudden conversion 
spoken of by many authors. On the Feast of the Immacu- 
late Conception, November 2, 1667, Stensen consummated his 
renunciation before the Nuntius. In Florence great joy pre- 
availed over his conversion. 


In December, 1667, Stensen’s friend, Viviani, wrote to 


ilotti, who was at that time in Flanders, that on the 


very dav that Stensen finally appeared before the Nuntius, 
after he had declared his conversion, he received a letter from 
the Danis King oft ring him the professorship at Copen- 

wen with a vearly compensation of 400 scudi with the pros- 


pect of increased Compensation, Stensen did not start at one 
iis journey for Denmark, but wrote the King asking if he 
lief; but no word 


were willing that he should change his be 
came from Denmark. We know that during the following 
vears Stensen wandered through Austria, France and Hol- 
land where he remained waiting for an answer to his lette1 
to the King, who was at this time very ill and who died the 
2d of February, 1670, 

While Stensen was waiting in Holland there arose in Den- 


mark, a man who exercised a great influence on the later 
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development of the kingdom. This man was Peter Griffen- 
feld. Under Friedrich IIT he had been advanced to honorable 
position and Christian V made him his Prime Minister. 
Science found in him a friend and supporter. In his in- 
augural address, Stensen, thanked him for his appointment 
in the university. Griffenfeld for a long time strove for 
freedom of religious belief; finally, on the 26th of September, 
1671, a royal decree permitted the Catholics to build a church. 

On the 13th of February, 1672, Christian V sent an order 
to Stensen to come to Denmark and stated that he was to 
have a yearly pension of 400 Reichsthaler and that his pension 
would begin as soon as he began his homeward journey. 
Stensen’s friends were afraid that he would go back entirely 
to his scientific work. Magalotti wrote to Falconieri “ free- 
dom of thought has robbed us of Stensen ”; but such was not 
the case. 

On the 3d of July, 1672, Stensen returned to Copenhagen 
and took up his residence with his sister. From her house he 
wrote Sister Flavia at Florence “ I am living with my sister. 
[ have perfect freedom; no one says aught against me since 
many hold the belief that every one is saved in his own 
religion, if only he lives rightly.” 

With the return of Stensen to Copenhagen there reappeared 
the golden days of Paulli and of Bartholin. In his inaugural 
address Stensen showed himself to be a man of deep religious 
convictions as well as a true scientist. L will quote a single 


passage 


What one sees is beautiful; more beautiful what one knows; but 
by far the most beautiful things are beyond our knowledge. It is 
the true purpose of anatomy to direct the observer through the 
astonishing structure of the body to the dignity of the soul, and 
finally to lead him through the wonders of both to the knowledge 
For who can contemplate the wonderful 


and love of the Creator. 
its 


structure of the human organism without asking who is 


author? 


The University of Copenhagen was not, however, to retain 
Stensen for any great length of time. He became involved in 
a controversy with the rector of the high school at Herlufs- 
holin, Johannes Brunsmann. His position as a Catholic pro- 
fessor in a Lutheran university was an anomalous one and 
probably the cause of much petty jealousy and religious con- 
tention. Just what the cause was we do not know, but on 
the 26th of May, 1674, he resigned his position and laid aside 
forever the scalpel and henceforth devoted his energies to the 
church. 

It may be well at this point to consider the contribu- 
tions which Stensen made to our anatomical knowledge and 
the position which he occupies in the history of anatomy. 
Stensen’s investigations and anatomical carcer fall in a time 
Which was rich in discoveries and brilliant investigators. 
Just as Stensen began his studies Harvey, the discoverer of 
the circulation, died (1657). The elder Bartholin investi- 
gated especially the Ivmphaties and established the first 


inatomical museum. 


Among the friendships which Stensen 
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formed during his journeys in Holland, France and Italy we 
find such well known names as Sylvius, van Horne, Swam- 
merdam and Malpighi. Leibnitz and Haller .ascribe to 
Stensen a high place in the annals of anatomy. Hiiser, in 
his “Geschichte der Medizin” says: “To the most meri- 
torious anatomists of the seventeenth century belongs Niels 
Steno of Copenhagen, the most illustrious student of Thomas 
Bartholin. Steno was rightfully considered one of the great- 
est discoverers of his time; there is no part of the human 
body the knowledge of which he did not enrich.” 

He discovered the duct of the parotid gland, of the sub- 
lingual gland and of the buccal glands. He also described 
the lachrymal gland and its duct, thus clearing up a much 
disputed subject. He had no microscope and knew nothing 
about capillary circulation, yet he was able to formulate a 
process of secretion which Foster says, “went very near the 
truth and served as a useful basis for further inquiry.” 

He is very clear in differentiating between conglomerate 
(secreting) and congloblate (lymphatic) ductless glands, Al- 
though he did not properly interpret the mechanics of mus- 
cular contraction, he did point out that the action of muscles 
does not depend upon an increase or loss of their substance. 
His recognition of the heart as a muscle was, next to the dis- 
covery of the circulation by Harvey, the greatest advance in 
our knowledge of the circulatory apparatus. 

I have already spoken of his studies in neurology and their 
influence on modern investigations of that organ; Stensen 
also made numerous studies in embryology. But more im- 
portant than his discoveries in anatomy are the objects and 
methods of his investigations; he clearly tells us that the 
advancement of medicine must rest upon an anatomico-path- 
ological foundation. A statement that time has shown to be 
true, 

In looking through the literature for an estimate of Sten- 
sen’s work in geology, the most concise account I have been 
able to find is in Zittel’s * History of Geology and Palwon- 
tology *; a work of recognized authority written by one of the 
ereatest of the modern paleontologists. In the following 
paragraphs I have ineorporated nearly all of Zittel’s state- 
ments, 

Stensen was one of the most enlightened geologists of the 
seventeenth century. He begins his work on the earth’s crust 
by comparing fossil teeth found in the deposits of ‘Tuscany 
with the teeth of living sharks. He then investigates the 
origin of fossiliferous deposits and compares them with un- 
fossiliferous recks. The latter, he save, were formed before 
life existed on the earth, at a time when the earth was 
enveloped in a universal ocean, 

Stensen argued from the traces of salt and the presence of 
marine animals, and even ship flotsam in certain deposits, 
that these had been formed on the sea-floor: whereas the 
presence of a terrestrial fauna and of rushes, grasses and the 
stems of trees in other deposits, indicated that they had 
accumulated in fresh water basins. Stensen was the first to 
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enunciate definite natural laws governing the formation of a 
stratigraphical succession in the earth’s crust. 

Stensen also realized that a series of strata originally hori- 
zontal might become relatively displaced by subsequent earth 
movements. He cited examples of local crust-inthrow, show- 
ing how individual strata might remain horizontal, while 
others might be tilted or even thrown into a quite perpendicu- 
lar position, others again might be bent into the form of 
arches. The oceurrence of crust-inthrows, together with the 
effects of surface denudation, might give shape to mountains 
Mountains, he 


and valleys, plateaus and low lying plains. 
said, might also originate from the upward action of the 
volcanic forces on the crust. In cases of active volcanic 
eruption, ashy and fragmental rock material were ejected, 
intermixed with sulphurous vapors and mineral pitch. 

Thus Stensen’s work already contained the kernel of much 
that has been under constant discussion during the two cen- 


turies which have passed sinee his death. If one reads the 
most recent text-books of geology, it will be evident that 
science has not vet securely ascertained the share that is to be 
assigned to subsidence, to upheaval, to erosion and to volcanic 
action in the history of the earth’s surface conformation in 
different regions. 

Stensen’s work “ De solido intra solidum naturaliter con- 
tento,” was first published in Florence in 1669, and was 
intended merely as the prodrome of a larger work: but no 
later work appeared. A second edition was printed at Leyden 
in 1679, and a third edition was published in Berlin in 1904 
two and a quarter centuries after the first edition appeared. 
The original edition of Stensen’s little book is a bibliographi- 
cal rarity. 

When Stensen left 


Copenhagen in July of that year, he journeyed leisurely to 


We will now go back to the year 1674. 


Florence where he took charge of the education of the son of 
the Grand Duke Cosimo ILI. 
was the occasion of his resignation. 


By some it is asserted that this 
Facts do not, however, 
substantiate this statement. 

The conversion of Stensen to Catholicism in no way inter- 
fered with his studies. After his conversion he occupied the 
chair of anatomy at Copenhagen and wrote his epoch-making 
That the 


acceptance of Catholicism did not at that time necessaril; 


work on geology, to which I have just referred. 
kill science in the man is shown in the case of Winslow, 
Stensen’s grand-nephew, who also, after leaving Denmark, 
became a Catholic and was one of the great anatomists of 
Paris. 

Although Stensen, while at Copenhagen, had full liberty 
he did not in his lectures permit religion to supersede an- 
atomy. Still he had a far stronger desire to communicate 
the fruits of his religion to his compatriots than to transmit 
to them the knowledge of anatomy: the moral appealed to 
him more than the physical. 

In 1675 Stensen became a priest. Just when and where he 
took holy orders I have been unable to ascertain. On Sun- 


Pope Innocent XI con- 


day the 25th of Sept mber, 1677, 
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secrated him Bishop of Titiopolis. A short time after this, 
Jean Frederick, Prince of Braunschweig, who had already 
Innocent XI 
consented and bestowed upon him the title of “ Apostolic 
Vicar for the Northern Missions.” 
that Stensen visited the different cities of Germany; Miinster, 


abjured Lutheranism called him to his court. 
[t was for this reason 


Hannover and Mecklenburg being the principal scenes of his 
missions. 

When Frederick died suddenly, his brother, Bishop of 
Osnabruck, sueceeded him; and, as he was a Lutheran and a 
very zealous partisan of his religion, he enjoined upon Sten- 
sen to leave his country. Stensen went to Miinster: from 
Miinster he went to Hamburg, and, after a short and un- 
satisfactory stay, to Swerin where he led a quiet and peaceful 
life and died November 25, 1686, at the age of 48. 

The death of Stensen made a sensation among the savants 
of the world. Men of letters had watched him. His rare 
knowledge of anatomy and his unexpected conversion to 
Catholicism made an epoch in the history of science. The 
Grand Duke of Tuscany hearing of his death desired to have 
his body. He sent immediately an order to transport it to 
Florence where he had it entombed with the Grand Dukes in 
St. Lawrence. 

Stensen’s zeal for the church and his religion, his lovable 
character and kind sympathy made him unusually successful 
in his work. The text chosen for his funeral discourse by 
Engelbert Schmall, who for five years was Stensen’s chaplain, 
* Follow me, L will make you fishers of men,” plainly showed 
the estimate placed on the life work and the character of the 


sub je cet of this sketch. 


NOTES. 

The main facts of this sketch are derived from Plenkers. See 
Bibliography. 

The following variations in the spelling of Stensen’s name are 
met with in the literature: Steno; Sténon; Stenone; Stenonis; 
Stenonius. In the “ Epistolarum ” of Bartholin and in the “ Acta” 
the last two forms are used. The signature of the letters in the 
Epistolarum is “Stenonis”. I have followed Plenkers and used 
Stensen because it is the modern Danish usage and also because 


’ 


son of Sten”. 


Stensen signifies 

An illustration of the “ Domus Anatomica,” and of its amphi- 
theater, in which Stensen gave his lectures may be found in 
Bartholin’s “ Cista Medica Hafniensis”; Hafniae, 1662; also in 
Chievitz, “ Anatomiens Historia’; Copenhagen, 1904. Chievitz 
gives,a number of illustrations of persons and places mentioned in 
this paper. 

Stensen did not take his medical degree at Copenhagen. Where 
and when he did take it no one knows. Plenkers thinks he 
received it in 1665 at some University in southern France. Barth- 
olin does not address him in his Epistolarum as “ Doctor” until 
1667. 

I have not been able to consult Stensen’s original publications. 
Abstracts and reprints may be found in Vesling’s “ Syntagma ana- 
tomicum ”; Amstelodami, 1666; and in Mangetus “ Bibliotheca 
anatomica,’ Geneva, 1685. The notes sent by Stensen to Bartholin 
and the correspondence of Bartholin with Stensen, Ole Borch and 
Blasius | have read; they are found in the two publications given 
under Bartholin in the Bibliography. The complete text of Sten- 
sen’s inaugural address is given in Acta Hafniensis, Vol. II. 
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Fig. 1.--From Menkers’ Niels Stensen.” 
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Fig. 3.—From Veslings’ “ Syntagma Anatomicum, Exhibente Blasio.” 
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A BRIEF HISTORICAL SKETCH OF SOME OF THE EARLY STU DIES OF 
THE FINER STRUCTURE OF PLANT AND ANIMAL TISSUES." 


By Ricnarp M. Pearce, M. D., 


l “nine rsily of Pe nnsylvania, Ph Iph ll. 


Che theory which is based on the principle that all animal 
and vegetable structures are composed of cells and that all 
cells are derived from preexisting cells and which is generally 
considered to be one of the greatest and most important 


generalizations in biology—ranking with Darwin’s theory of 
evolution—is usually linked with the names of Schleiden, 
Schwann and Virchow, representing the period from 1838 to 
Is5s8. ‘The work of the three individuals mentioned must, it 
is true, always stand as the most important determining 
events in the development of the cell theory, but much of 
interest to workers in the biological sciences preceded the 
studies of these three great investigators and many important 
studies of cell structure followed their announcement and led 
eventually to the exact knowledge of mitosis which we associ- 
ate with Flemming’s publication in 1882. Of the work and 
theories before the time of Schleiden we hear little, and the 
many valuable detailed studies, based on the work of Schwann 
and Virchow, have been obscured by the establishment, later, 
of the theory of mitosis. All have a very definite historical 
value, but it is the earlier work that has, in view of the 
primitive methods of investigation, a peculiar interest. After 
Schwann the sequence of discoveries is more or less logical, 
but the work before Schleiden—the change from the conception 
of animal tissues as “ fibers,” “ globules ” or “ molecules ” to 
to the conception of tissues and organs built up through a 
definite, even mathematical, arrangement of cells is an irreg- 
ular sequence of hard won advances covering a period of more 
than 150 years, a story, moreover, of advances coinciding with 
improvements in the microscope, which correlation adds not a 
little to the interest of the history of cell studies. 

The story begins with the efforts of five individuals— 
Hooke, Swammerdam, Leeuwenhoek, Malpighi and Grew, 
who, working contemporaneously, investigated the structure 
of both animal and vegetable tissues. Swammerdam worked 


These notes were collected during the preparation of material 
for lantern demonstrations, illustrating the development of the 
various medical sciences, as given, during the past year before the 
Medical Club of Albany, N. Y., the Sigma Xi Society of the Univer- 
sity of Pennsylvania, the Section on the History of Medicine of 
the College of Physicians of Philadelphia and the American Philo- 
sophical Society. 


chiefly with insects, Grew and Malpighi published most com- 
plete descriptions of plant sctructure and Hooke, a free 
lance, studied whatever was at hand. Previous to their obser- 
vations, there appears to be little work of any importance. 
Grew speaks only of the work of Highmore, Sharrock and 
Of Sharrock I can find no 
record that he made an important contribution to plant 


Hooke as earlier than his own. 


structure; my search of contributions under the name High- 
more yields only a deseription by Nathaniel Highmore' of the 
generation of seeds with some observations on the chick em- 
bryo.” It is most convenient, therefore, despite the chance of 
doing an injustice to Highmore or Sharrock, so conscientiously 
mentioned by Grew, to begin this account with the year 1671 
in which most important contributions to the subject of plant 
structure were made simultaneously to the Royal Society by 
Grew and Malpighi. The former refers to this coincidence in 
After stating 
that he had begun the study of plant structure in 1664 and 


his * Anatomy of Plants,” published in 1682.* 


completed his first study in 1670, he refers to his first book 
“The Anatomy of Vegetables” and says, “the same day, 
December 7, 1671, in which my book, then printed, was pre- 
sented to the Royal Society; there was also presented a manu- 
script (without figures) from Seignior Malpighi, upon the 
same subject: dated at Bononia, November 1, 1671, the same 
which Mr, Oldenburge, when it came to be printed, calleth 
his idea.” The last phrase suggests that the question of pri- 
ority was as much a cause of trouble then as it has been since. 
Of * Mr. Oldenburge,” however, I can find no record that he 
made important contributions to this subject previous to those 
of Grew, Malpighi and Hooke. That Grew appreciated the 
importance of his observations is evidenced in the wording 
of his dedication of the book to Charles II, ‘“ Your Majesty 
will find that there are Terrae Incognitae in Philosophy as 
well as in Geography. And for so much as lies here, it comes 
to pass, | know not how, even in this inquisitive age, that | 

‘The History of Generation, etc., London, 1651, 

*? One reads with interest in view of the contemporaneous efforts 
mentioned above, that Highmore’s book is dedicated to Robert 
Boyle. 

Grew, Nehemiah: The Anatomy of Plants with an Idea of a 
Philosophical History of Plants, London, 1682. 
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am the first who have given a Map of the Country,” and 


again, 
ashore into a New World, whereof we see no end 
Malpighi’s letter of transmissal to the Royal Society, shows 


In sum, your Majesty will find, that we are come 


the importance which he, likewise, ascribed to his investiga- 
tions.” Grew’s numerous plates as also those of Malpighi pre- 
sent figures illustrating the finer details of plant structure. 
They show, in brief, that plant tissue consists in part of little 
cell-like cavities and in part of long tube-like vessels. ‘This 
conception of vegetable tissue is one of small vesicles or blad- 
ders clustered together and intermixed with ligneous fiber. 
Grew, for example, compared cellular tissue to the froth of 
beer or of beaten eggs. Malpighi showed that the cells could 
be separated one from another, and gave to these bodies the 
name “utriculus.” It is not to be supposed, however, that 


they had the conception of cells which we have to-day. Their 


purer were as the 
Wes ina Haney 
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chat had make amy of them before this) 
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conception of a cell was that of a cavity and not of a minute 
ts earliest 


protoplasmic mass, As the Latin “cell” was in 
all detached r ‘n a building. particular) 
application * a small detached room ina building, particularly 
a small monastie house’ and was also used to describe a 
d later a room in a prison, and 


sinali sleeping apartment, al 
likewise the small compartments composing a compound strue- 


ture, i 
to the spaces which they saw in vegetable or animal tissues. 


is a honeveomb, so it was ipplied by early microscopists 


Its first use in this latter sense appears to be by Hooke,” who, 
1665, observed and desertbed the vesicular nature of cork 
and similar vegetable substances and applied to the cavities the 


term * cells.” (See Figs. Land 2). In the same sense the word 


*Anatome Plantarum; see Opera Omnia, 1687. 

>Encyclopedia Britannica. 

Hooke, Robert: “ Of the Schematisme and Texture of Cork, 
and of the Cells and Pores of some other such frothy bodies ” begin- 
ning on page 112 of his * Micrographia, or some Physiological De- 


seription of minute bodies by Magnifying Glasses,’ London, 1665. 


‘cellula” is used by Swammerdam * in describing the nests 
with many compartments of various insects. 

During this period certain other cells were at least seen and 
pictured, if not wholly understood or seriously studied. Thus 
Swammerdam saw the red blood corpuseles and recognized 
them as such; Malpighi likewise saw them in the mesentery 
but interpreted them as fat droplets; Leeuwenhoek accurately 
described and pictured them and at the same time supple- 
mented Malpighi’s discovery of the capillaries—the necessary 
link to the completion of Harvey's theory of the circulation 
of the blood. A protozoan, a form of vorticella in all probabil- 
ity, was seen by Leeuwenhoek (1675), who also saw and pic- 
tured several forms of bacteria. Leeuwenhoek (or his pupil, 
Ludwig Hamm), also saw spermatozoa (1677). The concep- 
tion which these early observers had of the structure of cells 
was not that which we have to-day. Leeuwenhoek, for exam- 
ple, went beyond the limits of simple observation and 
ascribed to his “* spermatic animaleula ” a system of museles, 
tendons and articulations by which they moved their tails, 


and he suggests that the animaleula of stagnant water (pro- 
tozoa) have organs similar to those of the higher animals. 
One cannot avoid being impressed by the industry and de- 
tailed observation of these early microscopists, and though 
often it appears that they sought merely the curious and odd, 
one examines with amazement the wide scope of their work. 
Boerhaeve’s edition of Swammerdam with its parallel columns 
in Latin and Dutch, and voluminous plates on many forms of 
insect life, offers glimpses of fundamental observations on the 
contraction of striated and cardiac muscle and on phenomena 
of respiration in mammals, One of the most striking plates 
is that dealing with certain phases of the life history of the 
mosquito, a species of cu/er with a figure of the larval form 
and its breathing apparatus worthy of any modern work, and 
which could be used as an explanation of the efficacy of the 
modern oil treatment of breeding pools. Likewise Leeuwen- 
hoek’s observations cover a great range, as the animaleula of 
various fluids, the distribution of the blood capillaries, the 
Johannes Swammerdam: “ Biblia Nature sive Historia Insec- 


torium"’; arranged and published by Boerhaeve, 1738-58, after the 
author's death, but representing work done between 1665 and 1680. 
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<trueture of feathers and of inseets, and though his micro- 
copes, according to Baker, magnified only 40 to 160 times, he 
nietured various bacteria. Hooke, though he made many fun- 
damental observations, was interested also in the casual and 
curious, as the microscopic appearance of an ink drop, the 
point of a needle, or the edge of a razor. 

Grew devoted his efforts almost entirely to vegetable tissues 
but Malpighi in addition to the study of plants made most 
important contributions to the finer structure of animal tis- 
sues, as of the capillaries, the surface of the tongue and the 
structure of the skin, spleen and lung. 

A word must be said about the microscopes of this period.” 
There has been much discussion of the earliest use of lenses 
for purposes of magnification, and of the first use of the com- 
pound microscope. The invention of the latter is usually 
credited to Zacharias Jansen, in 1590; simple lenses appear, 
however, to have been used since the time of Seneca, who died 
65 A. D. 


whieh are here discussed, both simple and compound micro- 


At the time of the earlier discoveries in histology, 


scopes were in vogue, the former as made and used by Leeuw- 


enhoek, and the latter by Hooke. Leeuwenhoek’s single lens 


Fic. 3. 


was set between two plates of silver perforated with a smal! 
hole, with a movable pin before it, upon which to place th 
object and adjust it to the eve of the beholder, (see Fig 
3). His use of this instrument corresponds presumably to a 
period shortly before the vear 1675 in which his first contribu- 
tion appears in the Philosophical Transactions. It has been 
said by many authors that Leeuwenhoek used globules or 


elass, such as had been used by Hooke, but this is 


spheres of 
not the case, for in the cabinet of twenty-six microscopes left 
by Leeuwenhoek, at his death, to the Royal Society, each has 
a double convex lens and not a sphere or globule (Baker, 
1740), 

The amount of labor entailed in Leeuwenhoek’s microscopic 
studies may be appreciated, from the fact that each microscope 
Was prepared for one or two objects only and could be applied 
to no other. He is said to have made some hundreds of these 
microscopes, the entire manufacture, including the grinding 
of the lenses, being the work of his own hands. The highest 

~The summary here presented is compiled from Adams, George: 
Micrographia liiustrata, London, 1747; Quekeit, John A.: Practical 
Treatise on the Use of the Microscope, London, 1848; and Hogg, 
Jabez: The Microscope: its History, Construction, and Applica- 


tion, London, 1859. 
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magnifying power of his lenses was 160 diameters and the 
lowest 40. 

Hooke’s microscope, which he described in 1667 at the time 
of the publication of his * Micrographia” was a compound 
instrument with ocular, objective and a middle lens arranged 
ina tube much like that of the modern microscope. He ap- 
pears to have been the first to invent a method of illuminating 
opaque objects, this being the now familiar use of a glass globe 
filled with brine placed immediately in front of the lamp. 
The pencil of rays from the globe was received by a plano- 
convex lens, placed just above the object holder and with its 
convex surface toward the globe. The object holder was a 
simple upright with an adjustable eross-pin. 

Hooke also made elobular lenses by melting in a flame fine 
threads of glass until the glass ran into globular form: the 
end where the thread was broken off was afterwards ground 
and polished. For these he claimed greater magnification 
than for “any of the microscopes.” 

In 1698, Bonanni invented a compound microscope, to be 
used in a horizontal position, with coarse and fine adjustment; 
the former was obtained by a rack and pinion moving the en- 
tire frame, the latter by a screw in the end of the compound 


Fic, 4. 


near the objective. He also used a short tube in which were 
two double convex lenses to condense the light upon the ob- 
ject, and an object holder placed between the objective and 
the source of illumination, After Bonnani, few important im- 
provements, with the exception of Newton’s introduction of 
mirrors, first in the reflecting telescope and then the reflecting 
compound microscope (1672), were made for many years. 
The study of tissues continued, however, but for the most 
part as a matter of curiosity rather than of scientific interest, 

Later, a few individuals made most important contributions 
to the study of structural details. Lieberkuhn, in 1738, de- 
veloped the so-called solar microscope, with its coneave silver 
speculum, for the viewing of opaque objects. With this he 
made most important studies of the minute structure of the 
mucous membranes of the alimentary canal. He’ used it 
also in connection with the injection of the mesentery and 
other minute tissues in the study of the circulation of the 
blood and chyle. The plan of his microscope is as follows 
(see Fig. 4): The sun’s rays fall on a condensing lens (B) 

Joannis Nathaniel Lieberkuln: See, “ Dissertationes Quator,” 
(1) valve of colon and the vermiform appendix, (2) villi of intes- 
tine, (3) methods of studying structure of organs and (4) descrip- 
tion of a microscope. Collected and published by J. Sheldon, Lon- 
don, 1782. The first and third of these appeared originally in 1739 
and 1748, respectively. 
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placed at one end of a brass tube about one inch long, and one 
inch in diameter; the light from. this lens is concentrated on 
the speculum (1) which again further condenses the rays on 
the object on the disk (C), which object, when so illuminated, 
can be readily adjusted by the little knob (D) so as to be 
in the foeus of magnifying lens (A). Lieberkuhn worked 
chiefly with minute injected specimens and these, when placed 
on the object holder, were covered with a varnish. As was 
the ease with Leeuwenhcek, the microscope went with the 
preparation to be studied, and according to Quekett, the Mu- 
seum of the Royal College of Surgeons contained in 1848 
twelve such exhibits which, after a century, were unchanged 
except for slight cracks in the varnish over the mounted spec- 


imens. 


These various advances in the making of microscopes had 


Fy. 


Fig. 5. 


a direct bearing on the development of the cell theory in 
that they encouraged the study of the finer structure of plant 
and animal tissues. The conception of the essential structure 
of these tissues was, however, no more exact than in the time 
of Grew and Malpighi. Nevertheless, noteworthy discoveries, 
though not always understood, were made. Thus many forms 
of protozoa were studied and described, and finally Trembly ” 
(1744-1747) studied the life history and observed the longi- 
tudinal division of a fresh water protozoon (see Fig. 5). In 
1770,. Hill published a detailed account of the Microscopic 
structure of timber. Each of these publications revived at the 
time the pursuit of microscopic studies, as did also the inven- 
tion by Adams,” somewhat later, of a machine for cutting 


”Trembly, Abraham: Observations upon several newly discov- 


ered species of fresh water polypi. Philos. Trans. Royal Society, 
1756, XI, Part ILI, 801, 807. (Read Noy, 22, 1744, and May 21 and 
June 18, 1747.) 


" Adams, G.: Essays on the Microscope, London, 1798. 
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transverse sections of wood so that they might readily be ex- 
amined by the microscope. That there was also at this time a 
n the use of the microscope is shown by the 


popular interest 
titles under which Baker’s * books appeared. 
It was not, however, until 1806 that a fundamental dis- 


if tissue structure 


covery, capable of advancing the knowledge 
bevond the conceptions of Grew, Malpighi and Hooke. was 
made. Adams in 1798, in discussing the structure of plants, 
makes the statement coneerning cellular tissue that “ the 
nature of this substance, its form and structure are at present 
little known,” and quotes chiefly Grew and Malpighi, but men- 
tions also Duhamel, Hill, Bonnet and DeSaussure. <A great 
advance was, however, made when Treviranus,” as a result of 
the study of the growing parts of young plants, discovered 
that the tubes and vessels of Malpighi arose from cells by be- 
coming elongated and attached end to end, the intervening 
walls eventually breaking down. Although this discovery is 
eredited to Treviranus there seems to be some question as to 
whether he thoroughly understood that the vessels were modi- 
fications of cells, for we find von Mohl™ in 1852 stating that 
early errors “ were followed even by Treviranus ” and “ | was 
the first to detect their origin from rows of ciosed cells.” von 
Mohl made many important contributions to the subject of 
plant structure. He began his work in 1828 with an investiga- 
tion “ On the Pores of Cellular Tissue,” was appointed Pro- 
fessor of Botany at Tiibingen in 1832 and made many contri- 
butions to the study of vegetable cells,* and as we shall see 
his work was an important factor in setting aside some of 
Schleiden’s erroneous conelusions. This work by the early 
botanists gave to the cell some importance, but no law was 
established until the time of Schleiden and of Schwann, and 
though many interesting observations were made, the signifi- 
cance of these was not always appreciated. This is especially 
true of the first description of the nucleus presented by Robert 
Brown ™ in 1831, as an incidental result of his study of the 
organs and mode of feeundation in orchids. Brown’s account 
is purely descriptive, with no attempt at explanation or theory, 
but in view of the important position which the nucleus now 
occupies in cytological problems, some of his sentences are 
worthy of quotation. “In each cell of the epidermis of a 
great part of this family (Orchideae) especially of those with 
membranous leaves, a single circular areola, generally some- 
what more opake than the membrane of the cell is obsery- 
able”; and again, “This areola, or nucleus of the cell as 

“Baker, Henry: The Microscope Made Easy, London, 1754; 
ibid., Employment for the Microscope, London, 1764. 

‘’s Treviranus, C. L.: Von inwendigen Bau der Gewachse, 1806. 
This work I have been unable to examine in the original, as it is 
not ca alogued in the most important libraries of this country. 

‘English Translation. Principles of the Anatomy and Physiol- 
ogy of the Vegetable Cells, London, 1852. 

' See Vermisehte Schriften botanischen Inhalts von Hugo von 
Mohil, 1845: and English translation of “ de Palmarum Structura ” 
in Reports and Papers on Botany (Ray Society), London, 1849. 

Brown, R.: On the Organs and the Mode of Fecundation in 


Orchideae and Asclepiadae, Transactions of the Linnean Society, 
1833, XVI, 685 (read at meetings of Nov. 1 and 5, 1851). 
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aps it might be termed, is not confined to the epidermis, 
ng found... . im many cases in the parenchyma or inter- 


cells of the tissue.” 


\is is the first deseription of the nucleus and the first ob- 
ation of its occurrence in all cells. It had undoubtedly 
en seen before, for Brown in the same communication refers 

lrawings of Meyen, Purkinjé, Brongniart and Bauer 
vhich are depicted the epidermis and the structure of 
es, and which offer a few indications of structures corre- 
ling to the nucleus, or areola, but, as Brown goes on to 
-o little importance was usually attached to this areola, 


t it is seldom mentioned in the text. It remained for 


to deseribe the structure and to give to it a name. 
hese advances, beginning with Treviranus corresponded to 


interest in the improvement of the microscope. Serious 
cmpts to discover a perfect achromatic compound microscope 

van about 1800, and although it was not until about 1830, 
argely as the result of the experimental work of Joseph Jack- 
son Lister (the father of Lord Lister), that exact knowledge of 

proper combination of lenses and the use of a transparent 

ment (Canada balsam) for the fixation of the same was ob- 

ained, still, the improvements were such as to aid the work 
n histology. 

\s Schleiden’s work appeared in 1838 and Schwann’s in 
In39, and especially as Schwann acknowledges that he re- 

ived the stimulus for his work from a conversation with 
Schleiden, the conceptions of these two founders of the cell 
theory may be considered at one and the same time. In this 
connection it is worth while also to recall that these two, as 
likewise Virchow, who later had so much to do with the devel- 
opment of the cell theory, were pupils of Johannes Miiller, 
who, before Schieiden’s announcement, had published observa- 
tions on the vegetable cells, and before Schwann, had empha- 
sized the similarity ” in structure between vegetable cells and 
certain embryonic animal tissues, as the chorda dorsalis. It 
was Schleiden,” however, who definitely established the fact, 
as the result of his work on the Phanerogamia, that all vege- 
table tissues are composed of cells each of which contains a 
evstoblast (nucleus) and that in the undifferentiated parts of 
the young plant these nuclei are the earliest demonstrable 
bodies and that it is about such nuclei that the cell protoplasm 
accumulates. 

Schleiden’s description of the development of cells in vege- 
table tissue reminded Schwann of similar pictures he had seen 
in the embryonic tissues of animals and upon his work with 
the chorda dorsalis and young cartilage was based his account 
of the accordance in structure of animal and plant tissue.” 

Purkinjé and Valentine are also credited with calling attention 
to the similarity of vegetable and animal tissues. See Tyson, J.: 
The Cell Doctrine, Philadelphia, 1878. 

Schleiden, Matthias Jakob: Beitrage zur Phytogenesis, Mil- 
ler’s Arch., 1838, page 137; also English Translation, Sydenham So- 
ciety, 1847. 

Schwann, Theodor: Microscopische Untersuchungen tiber die 


Uebereinstimmung in der Struktur und dem Wachsthum der Thiere 
und Pflanzen, Berlin, 1839: also English Translation, Sydenham 


Society, 1847. 
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In these embryonic tissues he found the development of cyto- 
blasts with their granules (nucleoli) as deseribed by Schleiden 
and later the development of the cell protoplasm about the 
nucleus. Thus Schwann demonstrated for animal tissues 
what Schleiden had shown was true for vegetable tissues, that 
tissues were made up of cells which develop at an early em- 
bryonic period from nuclei in an undifferentiated matrix. 
Schwann’s work, therefore, was of the utmost importance in 
that he established the principle of the origin of all tissues 
from cells. Schwann studied many types of tissue including 
many highly differentiated as the nails, the teeth, and feath- 
ers, and showed that no matter how tissues varied in structure, 
no matter how simple or how complicated they might be, all 
were composed of cells more or less modified to serve the 
peculiar function of the tissue in question. This work led 
to his conclusion. ‘“ We have seen that all organized bodies 
are composed of essentially similar parts, namely, of cells: 
that these cells are formed and grow in accordance with essen- 
tially similar laws; and, therefore, that these processes must 
in every instance be produced by the same powers.” 

Certain views of Schleiden and Schwann were, as knowl- 
edge of the cell increased, abandoned, but their conception of 
all tissues as composed of cells was the incentive to the de- 
tailed investigations which followed. The view that cells 
arose from a homogeneous cytoblastema or matrix, by a proc- 
ess analogous to crystallization, gave way to the knowledge 
that all cells are derived from preexisting cells as expressed 
in Virehow’s aphorism omnis cellula e cellula, and also the 
views as to the importance of the cell wall and of the cell 
cavity gave way later to the knowledge that the nucleus is the 
essentially importarft part of the cell. 

lt is not surprising, however, when we consider that the 
question of cell division was not settled until 1882, that all 
was not made clear at once. Many views, as von Mohl’s the- 
ory of the division of vegetable cells by fission, Henle’s theory 
of budding and Schwann’s hesitating account of the formation 
of new animal cells by partition of old ones, did good service 
in attaching many investigators to the field of cell study. The 
importance of Schleiden’s generalization of the nucleated cell 
as the fundamental feature of organic structure is fully real- 
ized only when one contrasts it with previous views, as the 
purely hypothetical “ fiber ” and “ organized concrete ” theory 
of Haller (1757), Wolff’s (1759) theory of “ globules,” 
Oken’s (1808) theory of “ vesicles” and those of the period 
immediately preceding Schleiden and Schwann in which were 
used the terms “ molecular granule” and “formation glob- 
ules,” and which were grouped under the general head of the 
“ globular theory.”” It is evident, from these terms, vesicle 
and globule, that the cell had been constantly seen in all 
microscopic work and had been recognized as constantly oc- 
curring in animal and vegetable tissues, but its significance 
was not apparent until the generalization of Schwann gave to 
the cell its proper place in the scheme of animal and plant 
structure, 


" See Tyson, J.: The Cell Theory, Philadelphia, 187s. 
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After Schwann, the next important studies were those con- 
cerning the division of the cell and the importance of the nu- 
cleus in this process. Although both Sehleiden and Sehwann 
had shown that the new cells deve loped about the nuclei of the 
“ cytoblastema,” the importance of the nucleus in cell forma- 
tion was not immediately appreciated. That cells divide was 
cautiously surmised by Sehwann, was more boldly stated by 
Hfenle (1841), who, however, found no example of it in ani- 
mal cells, and was supported by Reichert (1840) in his study 
of segmentation of the egg. (See Figs. 6 and 7 for views 
coneerning cell division in 1855 and 1859.) 

The first recognition of the fact that the nucleus shares in 
cel! division is usually credited to Martin Barry (1840), who 
was supported shortly by John Goodsir (1845) and Remak 
(1852). 

In 1858, however, the cell doctrine was detinitely and finally 
estabiished by Virchow. who postulated that all biological 
doctrines, whether dealing with normal or pathological proc- 
esses, must be based on the fact that all cells are derived 
from preexisting cells and that the primary origin of all cells 


is the ovum, thus substituting for Harvey's aphorism 


Fig, 6. 


vivum ex ovo his own omnis cellula e cellula. Virehow stated 
this as follows: ‘* Where a cell arises, there a cell must have 
previously existed (ommis cellula e cellula), just as an animal 
can spring only from an animal, a plant only from a plant. 
[In this manner, athough there are still a few spots in the 
body, where absolute demonstration has not vet been afforded, 
the principle is nevertheless established, that in the whole 
series of living things, whether they be entire plant or animal 
organisms, or essential constituents of the same, an eternal 
law of continuous development prevails.” 

While this announcement had the special effect of giving 
to pathology a * cellular theory ” to replace the older humoral 
theory, its broader effect was to stimulate the study of the 
normal cell. 

It was evident that the cell must be more thoroughly stud- 
ied and it is from the period (1860) shortly after this an- 
nouncement of Virchow, that we date the consistent and 
and thorough study of that form of cell division now known 


as mitosis or karyokinesis, We may leave this—the problem 


*" Virchow, R.: Die Cellularpathologie in ihrer Begriindung auf 
physiologische und pathologische Gewebelehre, Berlin, 1858; also 
English Translation by Frank Chance, London, 1860. 
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of the nucleus—a moment, however, to say a few words about 
the cell protoplasm, 

About the time of Schleiden and Schwann’s work the pro- 
tozoa, largely as the result of the work of Dujardin (9841). 
were recognized to be simple, slightly differentiated struc- 
tures, quite unlike the complex organisms described by 
Leeuwenhoek and his followers, and to be composed of a fun- 
damental living substance to which Dujardin gave the name 
sarcode., 

It was also about this time (1838) that Ehrenberg made 
his celebrated classification of protozoa, which was so accurate 
in the description of species that 45 years later Biitschli was 
able to recognize more than 100 as identical with the well- 
studied species of lis own time. 

Likewise at this time (1839) the suggestion was made for 
the first time, by Meven, that protozoa might be single cells, 
the entire infusorian body being analogous to a single plant 
cell. This theory Was applied directly by Barry, in 18455° 


who also compared the nucleus of protozoa to the cell nucleus 


9 
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Fig. 7. 


of higher animal forms. Finally Siebold, in 1848, asserted 
the unicellular nature of all protozoa.” 

Kolliker, in 1841, showed that spermatozoa are not parasitic 
animaleules, but not till 1865 was it known that they are com- 
plete cells with nucleus and protoplasm. 

In accord with Dujardin’s conception of sarcode as the basic 
substance of protozoa, von Mohl, in 1846, substituted for 
which 


Schleiden’s “ plant slime” the term “ protoplasm,” 
had also been used previously by Purkinjé, for the formative 
substance of young animal embryos. Later (1852) Remak ap- 
plied the term to the substance of any animal cell. Studies 
of the streaming of protoplasm within the cell, of ameboid 


““ See Dujardin, F.: Histoire Naturelle des Zoophytes-Infusories, 


Paris, 1841, 

* For the state of microscopic study at this time see Dujardin, 
F.: Nouveau Manuel Complet de l’Observation du Microscope, 
Paris, 1843. 

“Calkins, G. N.: The Protozoa. New York, 1901. 

For an excellent historical summary of the development of 
the knowledge of cell structure which is here quoted, see article 
on “Cytology,” by G. C. Chubb, in the eleventh edition of the 
Encyclopedia Britannica. 
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motion, and also the recognition of cells without membrane, 
ed to the view, now held, that not the cell wall but the nucleus 
ind protoplasm are the essential parts of the cell. This 
hange of view was due particularly to Max Schultze, who 
showed by his careful comparative studies that one and the 
-ame substance—protoplasm—occurred in both the unicellular 
and the higher forms of plants and animals alike, and while 
in some tissues, especially vegetable, this substance was as a 
ule enclosed within a membrane, in many higher animals 
ind unicellular forms a membrane was frequently absent. 
This constituted, in contradistinction to the * cell theory ~ of 
Schleiden and Schwann, his “ protoplasmic theory ~ which de- 
fined a cell as “a small mass of protoplasm endowed with the 
attributes of life’ (1861). 
forth his views of the cell as an 
with the assumption that the protoplasm had a complex 


In the same vear Briicke put 
“elementary organism ” 
structure, invisible only because of imperfect methods of obser- 
vation. 

At the same time rapid progress was made (1860-1880) in 
the knowledge of the nucleus and its part in cell division. 
Schleiden’s “ evtoblastema ” theory (1838) which postulated 
‘he origin of vegetable cells from the fluid of the mother cell 
by a process analogous to crystallization, the nucleolus appear- 
ing first, then the nucleus and finally the cell body—a theory 
which was extended by Schwann (1839) to include animal 
cells—did not long remain unchallenged. By 1846, largely as 
the result of the work of von Mohl and Naegeli,” botanists 
recognized the general law that cells arise only by the division 
of preexisting cells. The application of the law to animal tis- 
sues came slowly, but as the result of the work largely of 
Kolliker, Reichert and Remak, it was possible, as we have 
seen, for Virchow to make, in 1858, his celebrated generaliza- 
tion concerning the genetic continuity of cells.” 


* See English translation of Naegeli’s paper in Ray Society’s pub- 
lication, Reports and Papers on Botany, London, 1849. 

* For a general review of the ceil theory in 1853, see Huxley, T. H. 
The Cell Theory, British and Foreign Medico-Chirurgical Review, 
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The details of the process of cell division and the mn pore 
tance of the nuclear changes in this process were, however, 
not worked out for many years; but this period, beginning 
with the observations of Anton Schneider in 1873 and ending 
with the publication of W. Flemming’s exhaustive studies in 
1882, and including the names of many worthy investigators, 
allowed Flemming to alter Virchow’s aphorism to read— 


omnis nucleus e nucleo. 


division 


Thus, from Hooke’s first use (1665) of the term 
to the cell 
(1882), a period of nearly two and a quarter centuries was 


establishment of the true method of 


required to lay securely the foundations of modern cytology. 


ILLUSTRATIONS. 


Fic. 1.—Page from Robert Hooke’s “ Micrographia” (1665). The 
first description of the spaces in vegetable tissue, from which dates 
the use of the word “cell” in the histological sense. 

Fic. 2.—Robert Hooke’s reproduction of the spaces (cells) in 
cork. 

Fic 3.- 
between perforations in two plates of metal. 
holder and method of focusing. 

Fic. 4.—Lieberkuhn’s Microscope (1738). 
tion of structure and method of use. 

Fic, 5.—First recorded observation of the method of division of 
a protozoon (Vorticella). Trembly, 1744-47. 

Fic, 6.—Cell division according to Remak (1855). 
sion of blood cells in the embryo chick. 

Fic. 7.—Conception of development of animal cells in 1859. 
Taken from Hogg, The Microscope, London, 1859. 1, Shows a newly 
formed cell. 2, Subdivision of the nucleus. °%, The nucleus changes 
its situation, and at 4, subdivides and disappears. 5, The walls 
of the cell increase in thickness. 6, The cell becomes branched, 
or stellate. 7, Two cells are seen to coalesce. 8, They have co- 
alesced and run into each other. 9, Again they take another form 
and become multilocular. 10, 11, 12, Cells sprouting out to form 
membrane and vessels. 14, Development of complicated cells, 
which at 13, have coalesced to form tissue. 


Leeuwenhoek’s Microscope (1675). A single lens fixed 
Letter indicate object 


See text for descrip- 


Direct divi- 


1853, XII, 282; for the same see Tyson, J.: The Cell Theory, 
Philadelphia, 1878; the views before and after Virchow’s announce- 
ment may thus be contrasted. 


EARLY HISTORY OF THE CARE AND TREATMENT OF CRIPPLES. 


By Dovetas C, MoMurrrir, New York. 


The cripple has long been considered, at least in literary 
fields, as the prototype of the handicapped and miserable 
creature. We may, therefore, expect a study of the history 
of the attitude of society toward the deformed to throw con- 
siderable light on the growth of a sense of community respon- 
sibility for the welfare of unfortunate members. The subject 
thus touches intimately the general history of medicine. 

From the earliest times the lot of the cripple has been a 
The first mention of physical deformity carries 
With primitive 


hard one. 
with it stigma in other respects as well. 
peoples the cripple was very commonly exposed or abandoned 


to perish of neglect.. Among Indian peoples the Chiriguana 


‘Albert Hermann Post. Grundriss der ethnologischen Jurispru- 
Oldenburg and Leipzig, 1894. 


denz. Vol. 2, p. 10-12. 


are reported as addicted to this practice.” Waitz reports that 
the Salivas, like many others, are accustomed to destroy de- 
formed children, since they attribute the deformity to the 
influence of evil spirits.” The same practice existed among 
the Carib tribes of the Antilles." 
persons could be sacrificed in time of famine and need, 


Among the Aztees * deformed 
They 


*Thouar, Deutsche geogr. Blitter, vii, 66. 

* Theodor Waitz, Anthropologie der Naturvolker. Leipzig, 1892, 
Vol. 3, p. 394. Also see A. O. Humboldt and Bonpland, Ieise in die 
Aequinoctialgegenden des Neuen Continentes in den Jahren 1799- 
1804. Stuttgart and Tiibingen, 1845. 

* Albert Hermann Post, Bausteine fiir cine allgemeine Rechts- 
wissenschaft auf vergleichend-cthnologischer Basis. Oldenburg, 
1880-1881, Vol. 2, p. 119. 

* Joseph Kohler, Recht der Azteken, p. 46. 
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could also be sacrificed at the death of kings and great men. 
Deformed infants were abandoned or killed by various tribes 
living on the islands of the Pacific; Australia,” Hawaii,’ and 
others, as they were by some hegro peoples as well.” In the 


kingdom of Assinie, on the Gola Coast, children with six 


fingers on either or both hands were buried alive.” Among 
the Incl German peoples exposure of deformed infants 
was a custom of frequent occurrence. In the early law of 
Northern Germany the right to kill monsters and deformed 


persons is often mentioned. 


Isolated cases of the practice of the exposure of infants 


oceur in Japan” as in other countries, but it has never ap- 
proached recognition as a general custom. From the myth 
of the god Hiruko (leech-child) it may be inferred that the 
abandonment of deformed infants was not uncommon in the 
eartiest times, The NViiongi tells us that the vod had com 
pleted his third year and was still unable to walk. fis parents, 
therefore, placed him in the rock-camphor-boat of heaven 
and set him adrift. 

Data concerning the exposure of infants in Persia * are 
scanty. According to the Avesta, all deformities were re- 
varded as the work of the Evil One. It is not impossible, 
therefore, that deformed children were exposed with more or 


less frequency. 
Among the Pima Indians, a North American tri 


be. with 


the consent of th 


1@ parents, deformed infants were taken bv 


the midwife, who watched them until they died of exposure 


and want of nourishment.” So strong was the feeling of the 
Pimas against the abnormal that they tried in recent years 


to kill a grown man who had six toes. 


In this connection James Mooney, of the Bureau of Ameri- 


ean Ethnoloev. in a communication to me, notes as follows: 


Among the Kiowa I knew personally a twelve-year-old girl, of 
receding forehead and halfwitted, who had been buried alive 
immediately after birth and rescued and brought to the Catholic 
mission by a captive woman who knew what was about to be 
done. The missionary priest, from his experience waiting on their 
sick in camp, believed that they had killed other defective infants 


Albert Hermann Post. Bausteine fiir eine allgemeine Rechts- 
wissenschaft auf vergleichend-cthnologischer Basis. Oldenburg, 
1880-1881. Vol. 2, p. 119. Also Joseph Kohler, in Zeitschrift fiir 
rgl Rechtswissenschaft, vii, 355. Also Waitz-Gerland, Anthro- 
pologie, Vol. 6, p. 779. 

"Waitz-Gerland, Anthropologie, Vol. 6, p. 139-140. 

* Albert Hermann Post. Bausteine fiir cine allgemeine Rechts- 
wissenschajft auf vergleichend-ethnologischer Basis. Oldenburg, 
188-1881, Vol. 2. p. 119 

’Albert Hermann Post, Afrikanische Jurisprudenz, Oldenburg, 
1887, Vol. 1. p. 285 

“Globus, 1891, No. 11, p. 176, after Reichenbach, Etude sur le 
Royaume d’Assinie. Bull. Soc. Geogr. 18990, p. 316. 

“Grim, Rechtsaltert, p. 456. 

Maurer. Wasserweihe des germ. Heidentums. 1880, p. 14 ff 

“ James Hastings, Encyclopadia of Religion and Ethics, Edin- 
burgh, 1908. Vol. 1, p. 7. Article by W. G. Aston. 


4 7bid., Vol. 1, p. 7, article by Louis H. Gray. 
* Vendidad, ii, 29, 
* Frank Russell, The Pima Indians. 23th Annual Report 


Bureau of American Ethnology. Washington, 1908, p. 185. 
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at birth. I know also of instances of abandonment of the helpless 
aged in the same tribe. 

Travelers have asserted the existence of the practice of killing 
defective infants, in various tribes, and I am inclined to think 
that it was quite general. Some tribes, especially in Oregon, kill 
one of a pair of twins. The reason in both cases seems to have 
been partly economic, to be rid of a future burden, and partly 
from a superstitious fear of the abnormal. 


With the dawn of our present civilization the condition of 
the cripple did not improve to as great an extent as we should 
ordinarily expect. Oriental peoples turned forth their crip- 
ples to wander in the wilderness. The inhabitants of Ancient 
India cast them into the Ganges; the Spartans” hurled them 
from a precipice into an abyss, Apothetos. The Jews in the 
earliest times banished their cripples so that they had, per- 
‘orce, to bee by the roadsides. The general attitude was to 
regard physical deformity as a blight sent by God or as a 
punishment for sin. 

The Hebrew Scriptures reflect the attitude that the de- 
formed person must be spiritually and mentally unfit as well. 
In Leviticus “ we encounter a passage illustrative of this: 

\nd the Lord spake unto Moses, saying: speak unto Aaron, say- 
ing, whosoever he be of thy seed in their generations that hath 
any blemish, let him not approach to offer the bread of his God. 

For whatsoever man he be that hath a blemish, he shall not 
approach; a blind man or a lame, or he that hath a flat nose or 
anything superfluous. 

Or a man that is brokenfooted, or brokenhanded, 

Or a crooktbackt, or a dwarf, or that hath a biemish in his eye, 
or be scurvy, or scabbed, or hath his stones broken; 

No man that hath a blemish of the seed of Aaron the priest 
shall come nigh to offer the offerings of the Lord made by fire; 
he hath a blemish; he shall not come nigh to offer the bread of his 
God. 

Later on in the same passage it is stated that the reason 
for this is that the sanctuaries be not profaned. 

There are references to the cripple in the Old Testament 
in the form of similes showing that physical deformity was 
familiar to the people.” ‘The first reference to a deformity 
caused by accident occurs in the Second Book of Samuel. 

And Jonathan, Saul’s son, had a son that was lame of his 
feet. He was five years old when the tidings came of Saul and 
Jonathan out of Jezreel, and his nurse took him up, and fled; and 
it came to pass, as she made haste to flee, that he fell and became 
lame. And his name was Mephibosheth.” 

This accident was probably the forerunner of many subse- 
quent accidents to children in charge of nurses. 

Kindly references to the cripple in early times are scarce. 
In Job’s recital” of his circumstances when God was with 
him, recounting his various benevolences, he says, “ I was 
eves to the blind and feet was I to the lame.” 

In referring to inheritance, the Dadistan-i-Dinik,” one of 

* Douglas C. MeMurtrie. The Primary Education of Crippled 
Children, New York, 1910, p. 5. 

Leviticus, xxi, 16-21. 

” See Proverbs, xxvi, 7. 

II Samuel, iv, 4. 

xxix, 15. 

** Chapter !xii, paragraph 5 
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1c sacred books of the East,* says, “.... and the share of 


one of the sons, or even the wife of a son who is blind in both 
eyes, or crippled in both feet, or maimed in both his hands, is 
twice as much as that of one who is sound.” 

The Greeks, worshipping as they did the perfection of 
odily form, regarded a cripple as the incarnation of every- 


4 


thing unlovely,* not only physically, but also mentally and 


morally. Homer describes Thersites as possessed of every 
ugly attribute and equally deformed in body and mind.” Such 
was the propensity of this crippled soldier of the army before 
roy for indulging in vituperative language that he did not 
ibstain from directing it even against Agamemnon himself. 
it is related that he ultimately perished at the hand of Achil- 
es, While he was ridiculing the sorrow of that hero for the 
-lain Penthesilia. 

The advent of Christianity struck a new note in the attitude 
toward the crippled and deformed. Even in Isaiah's prophecy * 
of the coming Messianic kingdom, he foretells that “ then shal! 
tle lame man leap as a hart.” Christ, referring to His min- 
stry,” says: “the blind receive their sight, and the lame 
walk... ..” It is also related * that “the blind and the 
ame came to Him in the temple and He healed them.” 

Many cures of cripples are also attributed to the Apostles. 
* A certain man lame from his mother’s womb” was healed 

y Peter.” It is related that “ immediately his feet and ankle 
hones received strength.” During the ministry of Philip” 
“many taken with palsies and that were lame, were healed.” 

During the mission of the Apostle Paul in Lycaonia, he 
healed” a cripple described as follows: “ And there sat a 
certain man at Lystra, impotent in his feet, being a cripple 
from his mother’s womb, who never had walked.” It is inter- 
esting to note that this is the first use in the Scriptures of the 
generic term, cripple. The Greek word x#Ao0s is used in the 
original. 

The influence of the Christian attitude had some influence 
upon the lot of the cripple. 1 recall one illustrative quota- 
tion.” 

Also cripples and the sick who remained alive were left to 
themselves * in Iran as in Armenia and they led a wretched ex- 
istence. In Armenia it was one of the great services of Christi- 
anity that it ameliorated the fate of these unfortunates.* 


But the new influence was not profound and it did not even 


= Sacred Books of the East, edited by F. Max Miiller, Oxford, 
1882. Pahlavi Texts, translated by E. W. West. 

* Douglas C. McMurtrie, The Primary Education of Crippled 
Children, New York, 1910, pp. 5-6. 

Homer, Iliad, ii, 212 ff. 

Isaiah, xxxv, 6. 

* Matthew, xi, 5. Also referred to in Luke, vii, 22. 

* Matthew, xxi, 14. 

* Acts of the Apostles, iii, 2. 

” Acts of the Apostles, viii, 7. 

“ Acts of the Apostles, xiv, 8. 

*Fr. Spiegel, Eranische Alterthumskunde, Leipzig, 1878. Vol. 
8, p. 682. 

“i. e., abandoned. 

*See also Faustus of Byzantium, iv, Chapter 4, and Moses of 
Khorene, iii, 20. 
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permeate the Church in its later development. During the 
Middle Ages, those burdened with physical deformity were 
considered as targets for contempt and ridicule, and contumely 
was continually heaped upon them.” 

The early Romans had the right to destroy a deformed child 
provided the child were shown to five neighbors and their as- 
sent secured. In the Twelve Tables the decemvirs extended 
the authority of the father so that he, individually, could 
destroy or remove crippled children immediately after 
birth. In many instances they were cast into the street or 
drowned in the lake into which emptied the sewers vf the 
Eternal City. They were exposed in deserts, in the woods 
on the banks of the Tiber, in the vegetable market, at a certain 
pillar in the eleventh district of the city, and ironically 
enough in the very vicinity of the Temple of Mercy. Some 
few of these unhappy children did not die of exposure or 
hunger and escaped being torn to pieces by dogs or being 
eaten by swine. But in spite of their lives being saved, their 
existence became a wretched and miserable one. ‘They became 
the slaves of the person who took them up and succored them, 
and they were intentionally crippled to a greater extent if 
their deformities when they grew older were not conspicuous 
enough to render them successful in begging alms for their 
master’s profit. Seneca relates how these unfortunates wan- 
dered about exhibiting their mutilated members. He goes 
on to state that they were intentionally deformed by cutting 
off their arms, by twisting their shoulders so that they became 
humpbacked. If the master counts over the daily collection 
of the beggars and the sum is not enough, he rebukes the 
“You have brought in too little, bring 


If you had 


wretches, saying: 
hither the whip; you can weep and lament now. 
appealed this way to the passer-by you would have had more 
alms and could have given me more.” It may be remarked 
that this system of peonage in mendicancy is in use even to-day 
in some communities, notably in Italy and Russia. In the 
former country many children are mutilated so that they may 
solicit alms in the streets. 
indulged in, the cripples being exhibited particularly at cere- 


In Russia a similar practice is 


monies and processions. 

Among the Romans the trade in slave dwarfs became so 
extensive and profitable that merchants took children and 
put them in artificial bandages.” This method instead of 
making them well-proportioned dwarfs made them misshapen 
and miserable men. This gruesome torture and unnatural art 
of making dwarfs is also mentioned by Cardanus.” Vascundur 
ex parvo patre et matre, fasciis arcle colligantur non affatim 
nutriuntur, sed teniuntur, which might be translated: born 
of small parents, they are laced with bandages and fed, not 
heartily, but sparely. Dwarfs were utilized by the Emperor 
Domitian to engage in show battles with women.” 

* Douglas C. McMurtrie, The Primary Education of Crippled 
Children, New York, 1910, p. 6-7. 

* Sigaud de la Fond. Wunder der Natur. Part 2, p. 495, also 
K. F. Flégel, Geschichte der Hofnarren, Leignitz and Leipzig, 
1789, p. 507-508. 

* Cardanus, De Subtilit. Book XI, p. 460. 

Xiphilinus, Jn Domitiano. 
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Blaise de Vigenere in the notes to his Jmages et Tahleaur 
de platle peinture de Philostrate Lemnien remarks that when 
in Rome in 1566 he was invited to a dinner by Cardinal 
Vitelli, where the table was served “ by at least thirty-four 
dwarfs, almost all hideous and badly formed.” 

With the opening of the Middle Ages the chief occupation 
of the crippled came to be that of court fool or jester. These 
personages almost universally found a place in the retinues 
of princes, and often in the households of noblemen.” 

These court fools can be divided under two classifications. 
In the first would come those creatures who by reason of 
deformity in bedy or mind were calculated to excite laughter 
and ridicule. In the second would be placed those chosen for 
a certain superficial quickness of wit and power of repartee. 
It is the first class with which we are especially concerned 
in our study of the attitude of the community toward the 
crippled and deformed; and they were to be found, unfortu- 


The attire” of these Jesters Was 


nately, in large numbers. 


distinctive, though varying slightly during different pertods. 


To judge from the prints and illuminations which are the 
sources of our knowledge on this matter, it seems to have changed 
considerably from time to time. The head was shaved, the coat 
was motley, and the breeches tight, with generally one leg dilffer- 
ent in color from the other. The head was covered with a garment 
resembling a monk's cowl, which tell over the breast and 
shoulders, and often bore asses’ ears, and was crested with a 
cockscomb, while bells hung from various parts of the attire. 
The fool's bauble was a short staff bearing a ridiculous head, to 
which sometimes was attached an inflated bladder, by means of 


which sham castigations were affected. 


‘The impressing of cripples into service as court fools con- 
tinued and the institution was firmly entrenched for many 
years, despite many tendencies operating to improve the situ- 
ation. Even a number of decrees passed by the Reichstag 
during the sixteenth century failed to obviate the practice. 
Not until the time of the Enlightenment was the final stave 
reached and the custom abolished. 

Kven after this time the court fool was still in vogue at 
the Russian court, Peter the Great having so many jesters 
of this type that it was necessary to divide them into classes. 

When the Spaniards under Fernando Cortez accomplished 
the conquest of Mexico, court fools and deformed human 
creatures of all kinds were found at the Court of Montezuma. 

It will be observed that the most significant fact developed 
by the history of the court fool is that during the period co 
ered the victims of human deformity were regarded with ridi- 
cule and contempt. In the existence of such an attitude on 
the part of the general public, a sympathetic or merciful 
consideration can hardly be conceived. 

Duru 
to be regarded superstitiously, this attitude being responsible 


the latter part of the Middle Ages cripples came 


K. F. Flogel, Geschichte der Hofnarren, Leipzig, 1789. Nick, 
Die Hof- und Volksnarren. Stuttgart, 1861, 2 vols. Ebeling, Die 
Kahlenrberger, Geschichte der Hofnarren, Berlin, 1890. 
“ Walter Hepworth, Encyclopadia Brittanica, Eleventh Edition, 
Cambridge, England, 1910, Vol. 10, pp. 614-615. 
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for a miserable existence for those deviating in any way from 
the nermal.” 

lynorant people and scholars alike were intluenced by such 
prejudice, and it is easily seen how cripples and deformed 
people were regarded as devilish monsters. Several circum- 
stances gave rise to the general superstition. One of the 
most instrumental was the frequent confession on the rack by 
unmarried pregnant women that they had been seduced by 
the devil. This led indirectly to the belief that humpbacked 
and deformed children might have been of diabolical pater- 
nity. 

Others regarded the deformed as victims of the wrath o| 
God, and put them to death. King Francis L had burned to 
death at Avignon a woman who had given birth to a mal- 
formed child. Often, on the birth of a cripple or of a child 
with supertluous members, the attack of a hostile army was 
feared. There is a similar legend of Babylonian origin. 

Martin Luther shared the belief, current at his time, in 
the theory of changelings. At the birth of an undesirable 
child it was believed that some diabolical mother had stolen 
away the right child and substituted her own offspring instead. 
Thus the child was known as a changeling. Cripples, rachi- 
ties and cretins were regamled as changelings. The idea was 
that if such children were maltreated sulliciently their mothers 
would come again to get them and leave the rightful children 
in their stead. It ts casy to conceive the attitude which such 
a concept would engender. Luther“ also regarded malformed 
children as mere masses of flesh and considered that killing 
them was a work well pleasing to God. 

Another phase of superstition affected the cripple—the |e- 
lief that offspring could be harmed by “ somebody ” or “ cast- 
ing the evil eye ” upon the pregnant mother. Parents were in- 
clined to bring the deformity of their child into causal rela- 
tion to a terrifying pre-natal experience on the part of tly 
mother. In 1673 it is related that a citizen’s wife was so 
frightened at the sight of a one-eyed, lame beggar that when 
she soon after bore a son, the infant lacked a hand and had a 
crooked leg. Many other similar instances can be found in 
literature. 

One cripple, Thomas Schweicker (died 1602) of Schwiabisch- 
Hall, came to be highly regarded ~ on account of his learning 
and culture. 

The first glimmer of hope for the welfare of the cripple 
began to appear in the eighteenth century, though the progress 
in this direction was very slow. The first measures did net 
in a strict sense mark the beginnings of care for cripples, but 
the, operated to the ultimate advantages of those who, by 


“T. D. Herholdt, Betrachtungen iiber den medizinischen Aber- 
glauben und iiber Missgeburten iin Allgemeinen. Appendix to 
Beschreibung sechs menschlicher Missgeburten, Copenhagen, 
18350, pp. 83-162. 

“Martin Luther. Table-Talk. (Table-taik of the devil and his 
work—Changelings from the devil—History of a changeling at 
Dessau—Another history of a changeling.) Theo. Kirchoit. 
Grundriss einer Geschichte der deutschen TIrrenpflege, Berlin, 
1890, p. 65-76. 

Martin Ulbrich. Th. Schiweicker, Eisleben, 1909. 
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eason of their infirmity were cast upon the pity of their 


low-men. The actuating motive of provision in many cases, 


wwever, Was utilitarian in character. One object was that all 
pples might be confined so that they should not annoy the 
mmunity by their deformed appearance. 

~ome of the many monasteries which had not been utilized 
nce the time of the Reformation were thrown open and con-_ 

rted into orphan asylums, mad-houses, or penitentiaries. 
In the establishment of the various institutions the cripple 
Wits frequently considered, 

Those handicapped DY deformity were best provided for at 

hospital for wretched and pauper invalids established at 
This was 


‘in 1722 by Count Luitgard of Baden. 


forghenn 
ater transformed by Count Charles Frederic of Baden into 
orphan asylum, but made especial provision for voung and 


old cripples. Kirmsse ® quotes parts of the official ordinance 


on this matter as follows: 

Cripples, by Margrave Charles Frederic of Baden. The princely 
ordinance of May 11, 1758, says on this: 

‘Since we now assume the place of a father to those who are 
orphaned in our territory or who are otherwise afflicted with grave 
misfortune, we cannot but desire special experience of our most 
gracious care to those who, in addition to such afflictions, are at 
the same time stripped of temporal wealth, and who are, there- 
fore, stricken with double affliction.” 

“And the third class those who have 
physical defects that they are an especial abomination and disgust 
There are 


is composed of such 
to other men whenever they come into their sight. 
utterly misformed cripples and more of the sort.” 

IV. Work. 

‘As many of these inmates as can be employed in any work 
shall be obliged to perform it, yet with reference to distinction 
ot age, sex, and their physical infirmities. Here it is necessary 
to see in the first place—unless their deformities are slight—that 
there shall be sought out for them such tasks as may be performed 
in their rooms. 

X. PUNISHMENT. 

“ Since the other inmates consist of crippled persons, no punish- 

ment but a few stripes will be allowed, although they may 


chastened either with withdrawal of food or of drink or of both, 


be 


but in every case after careful consideration of their circum- 
stances,” 
Duty or Pitysician, 
“In the same (orphan asylum) are found the most utterly 


wretched of the entire country, including those sick persons who, 
in consequence of the cross of God laid upon them, are indeed a 
horror to other men, but all the more a true object of their pity. 
And, although, according to the measure of our human under- 
standing they are counted among the incurable, nevertheless God 
las created many means to make their cross endurable. In their 
case, therefore, the physician must employ all his best science.” 

Of those capable of instruction it is noted merely that they 
should be sent to the school of the orphan asylum * when they 


“ Zeitschrijt fiir Kriippeifiirsorge, Hamburg and Leipzig, 1911, 


iv, 10 ff. 
“Zeitschrift fiir Kriippelfiirsorge, Hamburg and Leipzig, 1911, 
iv, 10 ff. 
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could stand it.” The cripple department was abolished i: 
1508, probably because the room was needed for the insane." 

Such provision for cripples, however, gave them asylum only 
and did nothing in a constructive way to better their condi- 
tion, but the rise of the science of orthopedics was responsible 
for the ensuing improvement. It is true that one of the earli- 
est Llippocratic treatises was orthopedic in character, but the 
attention which had been given to human deformity by the 
medical profession had, up to the time of which we are speak- 
ing, been inconsequential, One of the first to vive extensive 
consideration to such work was Andry of Paris, who pub- 


He 


lor example, Siebold, in his 


lished * a two-volume work on orthopedics, illustrated. 
encountered much skepticism. 
Chirurgisches Taschenbuch * claimed that the care of club- 
feet was impossible. 

J. A. Venel, who 
was versed in both mechanics and medicine,” founded an insti- 


Several other 


Another advance was made in 1780 when 


tution for the deformed, at Orbe, Switzerland. 
work. The most complete books 


surgeons also did valuable 
on the subject were by Jorg. 

The theories of the various orthopedists were best pul into 
practice in an institution and a large number of these were 
founded in the first decades of the nineteenth century ; as, for 
example, those located at Paris, London, Leipzig, Liibeck, 
Berlin, and Vienna. One at Wiirzburg, established by Dr. 
Heine, gained especial fame, being the first of its kind in 
Germany. 

The first institution for the deformed in Prussia was estab- 
lished at Berlin in Dr. J. G. This 
designed for pay patients from among the upper classes, but 

Between the 
1179 cases of 


In a passage 


1823 by Blomer. Was 


indigent crippled children were also admitted. 
years 1823 and 1827 he treated no less than 
deformity, of which he claimed to cure 651. 
quoted by Kirmsse™ he thus describes the purpose and man- 
agement of his institution: 


An institution such as to be described has long been needed in 
our monarchy; all the more so because the forms of disability 
and sickness in question yield but indifferently to treatment 
outside of such a sanitarium. The difficulties in private practice 
are extensive and the curative methods can seldom be applied 
to as full an extent as is often necessary. Here belongs, among 
other things, the proper combination and joint application of 
medical and mechanical treatment, together with the requisite 
arrangement of suitable occupations for the sick, and the obvi- 
ation of all factors tending to induce or further increase the 
physical deformities in question. Upon the persistent and accurate 
coérdination of these conditions the possibility of a cure depends; 

"Kelp.  Irrenstatistik im Herzogtum 
Zeitschrift fiir Psychiatrie, 1847, iv, 587 ff. 

* Berlin, 1744. 

* Nuremberg, 1792. 

Description de plusicurs nouveaux moyens mechaniques pro- 


Altenburg, Allgemcine 


corriger dans certains cas, les 
Orbe, 1788. 
menschlichen 


pres @ prevenir, borner, et méme 
courbes latcrales et la torsion de Ucpine du dos. 

“Ch. G. Jorg. Ueber die 
Die Kunst die Verkriimmungen der Kinder zu 
Leip- 


Verkriimmungen des 


Korpers, Leipzig. 

verhiiten und die 

zig, 1816. 
‘Zeitschrift fiir Kriippelfiirsorge, 


entstandenen sicher und leicht zu heben. 


iv, 13 ff. 
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that the elements are usually disparate is responsible for failure 
in many cases. 

Since a large number of the sick who visit the institution are 
still young, special attention must be devoted to their education. 
That the invalids may not be impeded in their intellectual develop- 
ment by residence—which is often of long duration—at the insti- 
tution, my endeavors were naturally directed toward providing for 
them training adapted to their ages and individual capacities 
fact that the intellect is usually very 


especially in view of the 
acute and active in sufferers of this type. For still another 
reason I have been led to devote special attention to the subject 
of education. In ordinary life a certain obstinacy of character 
is usually attributed to those who suffer from bodily deformity 
unfortunately not always without cause. A very natural cause 
is the mockery to which these unfortunates are often exposed by 
their frivolous playmates. They are shunned because their in- 
firmity does not permit them to engage in many games of child- 
hood and youth; they are restricted to their own company, and, 
imprisoned in their isolation, become not infrequently malicious. 
These faults, however, can be more easily removed during youth 
by continuous moral and intellectual training in an institution; 
more especially since the similarity of infirmity makes for much 
in common and demands mutual codperation. The training is 
entrusted to a special teacher, who watches in a parental spirit 
over their morals and instructs them in varied school subjects. 
Naturally it must be my chief care that such an important 
position as that of teacher should always be filled by persons of 
intelligence and integrity. 

Not desire of gain; but only the warmest interest in the matter 
itself, and a deep-seated longing to advance so far as possible the 
common weal, could lead me to establish an institution for the 
deformed in which even those of the most slender means can find 
the fountain of their healing and so look foward to as happy a 
future as possible. 

The number of those seeking assistance, however, soon de- 
manded a large institution. This at the same time placed me in 
a position further to extend my observations. Nevertheless, there 
were many difficulties to be contended with in connection with 
such an institution; the exactions demanded of the man who 
becomes its head are so considerable that long preliminary work 
and the greatest exertions were required before the institution 
could enter upon full activity. Considering the end in view, the 
earthly reward to be hoped for is extremely scanty in return for 
the manifold and ceaseless efforts expended; the sweetest recom- 
pense here is the consciousness of having laid a small gift on 
the altar of humanity, and of having opened to the poor no less 
than to the rich the fountain from which they may hope to draw, 
without expensive outlay, the healing of their infirmities. 


Blémer had a workroom for making apparatus, bandages 
and artificial limbs. It is not known how long his institution 


lasted. 


\ similar institute was founded in Stockholm, Sweden, in 
Ise? by Dr. Ackermann.” There was much difficulty en- 
countered in overcoming public suspicion and distrust. Dr. 
Giimther maintained an institution in Hamburg” during the 
years 1832-1837. While visiting Hamburg, Dr. Zine of Vienna 
became acquainted with this establishment and upon his return 
to Vienna founded a similar one,” May 1, 1838. This latter 
much resembled the institute of Blémer at Berlin. 

In the meantime, however, there had been founded in 
Munich in 1832 the first comprehensive institution for the 
care and education of cripples. The Konigliche Bayerische 
Zentralanstalt fiir Erziehung und Bildung kriippelhafter Kin- 
der was brought into being by an eminent philanthropist, 
Johan Nepomuk, and the principles then exemplified have, in 
veneral, been followed by most of the modern institutions 
Which have since been established. A description of subse- 
quent work, however, is outside the scope of the present article. 
!n Denmark,” England,” Italy,” as well as in Germany * and 
the United States,” extensive systems of care have been built 
up, and in almost every civilized country of the world there 
is made some provision for the welfare of the cripple. 

The community has now realized to a very considerable ex- 
tent its responsibility toward the cripple and the early vicissi- 
tudes to which the deformed were subjected are indeed a 


matter of history. 


-C. J. Eckstrém. Ars-Berdttelse om Svenska Lakare-Sallska- 
petts Arbeten, Stockholm, 1829. 

SH. Gleiss. Lebenserinerrungen von Elise Averdieck, Ham- 
burg, 1908, pp. 48-50. 

‘Erster Bericht, 1853; Jahresbericht ... . fiir 1853, Vienna, 
IS54: Correspondenz-Blatt der deutschen Gesellschaft fiir Psychia- 
trie, 1854, p. 15; Die angeborener Verrenkungen, Vienna, 1845. 

“Douglas C. MeMurtrie. The Copenhagen Institution for 
Cripples, Boston Medical and Surgical Journal, Boston, 1911, elxv, 
794-798. 

“Douglas C. MeMurtrie. Crippled Children in the English 
Public Schools, New York Medical Journal, New York, 1913, xevii, 
ISS-199. 

* Douglas C. MeMurtrie. The Care ot the Crippled and Rachitic 
in Italy, Wedical Record, New York, 1911, 1xxx, 1218-1222. 

* Konrad Biesalski, Umfang und Art des jugendlichen Kriippel- 
tums in Deutschland. Hamburg and Leipzig, 1910. Also the 
files of the Zeitschrift fiir Kriippelfiirsorge. 

’Douglas C. MeMurtrie. The Care of Crippled Children in 
the United States. American Journal of Orthopedic Surgery, 
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FIRST ANNOUNCEMENT IN REGARD TO THE PROJECTED 
CELEBRATION OF THE 25TH ANNIVERSARY OF THE 
OPENING OF THE JOHNS HOPKINS HOSPITAL. 

BaLtTimore, October 18, 1913. 


Dear Doctor: 

At an informal gathering of former officers and members of the 
medical staff of the Johns Hopkins Hospital upon October 10, 1913, 
it was unanimously agreed that the 25th anniversary of the open- 
ing of the hospital should be commemorated by appropriate exer- 
cises of a special character at the hospital during the first week 
of October, 1914. It was further decided that the trustees of the 
Johns Hopkins Hospital and the Johns Hopkins University, officers 
and members of the hospital staff and all teachers and former 
students of the medical department of the university should be 
cordially invited to participate in a general reunion at that date. 

The commemoration exercises are planned to extend over a 
period of three or four days at a time when it may be expected 
that the lectures on the Herter Foundation will be delivered. 
Dr. William Osler has promised to be present. In addition, there 
will be commemorative addresses and a scientific programme with 
clinics, demonstrations and hospital rounds conducted by present 
and former members of the staff. It is anticipated that the James 
Buchanan Brady Urological Institute can be opened with appro- 
priate ceremonies at the same time. A memorial tablet to the 
late Dr. John Hewetson, which is nearly completed, will be placed 
on the walls of the general dining-room. It has also been sug- 
gested that a similar tablet in memory of all deceased members of 
the house staff be prepared and placed in the hospital. There will 
be dinners, class reunions and receptions during the week. 

All details of the celebration have not been fully arranged, but 
the work of preparation will be placed in the hands of competent 
committees. The co-operation and presence of former members 
of the hospital or medical school staff and of former students 
or graduates of the medical school is cordially invited. Circulars 
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presenting full details of the events of this commemoration week 
will be sent from time to time. This communication is designed 
to give each person who is interested a timely notice of our plans. 
H. WELcH, 
WILLIAM OSLER, 
S. HALSTEAD, 
Henry M. Hurp, 
Howarp A. KELLy, 
Comniittee of Announcement. 


The Committee will be pleased to receive an acknowledgment of 
this circular together with suggestions as to the proper and fitting 
celebration of this anniversary from all persons who receive it. 

Letters may be addressed to Dr. Henry M. Hurd, 1063 Calvert 
Building, Baltimore, Maryland, or to Dr. Rupert Norton, Secretary 
of the Committee, The Johns Hopkins Hospital, Baltimore, 
Maryland. 


NOTES ON NEW BOOKS. 
Eve-Strain in Everyday Practice. By SypNey Sreruenson, M. B., 
ete. (New York: Paul B. Hoeber, 1913.) 

This is an interesting series of papers, republished from various 
English medical journals, showing the apparent effect of eye- 
strain in producing various reflex neuroses. Although too much 
stress has been laid possibly on the effect of eye-strain in causing 
a great variety of neurasthenic, hysterical and other functional 
(?) symptoms, yet there is no doubt that eye-strain is a causative 
facior at times in illness of various sorts and degrees of severity, 
and this little book is of value to the general practitioner by 
drawing his attention to the necessity of examining the eyes when 
he meets obscure nervous symptoms which do not give way to 
ordinary treatment. 


Practwal Bacteriology, Blood Work, and Animal Parasitology. 
By E. R. Srirr, M. D., ete. Third Edition, Revised and En- 
larged. Illustrated. $1.50. (Philadelphia: P. Blakiston's 
Son & Co., 1913.) 

By using different sizes of type the author has been able to add 
considerable new material without materially enlarging the size of 
this pocket manual, which has distinct merits, but should be used 
only in conjunction with larger works on the same subjects. For 
its size it is the best book of its kind and a good one, for it is 
written by a thoroughly well-informed and well-trained physician. 
For students its danger or defect lies in its compactness. There 
is so much that is not yet definitely settled in these branches of 
medicine, that Stitt’s clever presentation of his subjects may, per- 
haps, give beginners false ideas as to the difficulties inherent in the 
study of bacteriology, etc.; none the less it is a book we are glad 
to note has met with a deserved popularity. 


Syphilis and the Nervous System. By Dr. Max Nonne. Author- 
ized Translation from the Second Revised and Enlarged Ger- 
man Edition by Cnuartes R. Batt, M. D. Illustrated. $4. 
(Philadelphia and London; J. B. Lippincott Company, 1913.) 


[It is often the case that not the best or most serviceable books 
are translated from one language into another, and it is fortunate 
for Americans, therefore, that Nonne’s work has been capably 
translated by Dr. Ball. It is a book which students and practi- 
tioners will tind very helpful. Its chapters on tabes and dementia 
paralytica—these two common diseases—cover the ground 
thoroughly, and will make the path of the student easier in his 
study of the differential diagnosis between these and other dis- 
eases with oftimes similar symptoms. Other chapters are as good 
as these two, to which we call attention merely as the conditions 
discussed are the more common and prevalent syphilitic affections. 
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The author’s experience has been very large, and the cases he re- 
ports are of unusual interest. The general practitioner will do 
well to buy and study this book—he cannot know too much about 
syphilis, most know far too littlke—and he will find the perusal of 
Nonne most profitable. 


Tuberculin Treatment. By Ciive Riviere, M. D., ete., and EGBert 
Mor.uanp, M. B., ete. Second Edition. $2. (London: Henry 
Frowde and Hodder & Stoughton, 1913.) 

This is a second edition, indicating a well-deserved popularity 

of the work. Corrections and additions have been made through- 
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